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EXECUTIVE SUMMARY 

This report documents the results of the Supplemental Remedial hivestigation' (RI) 
conducted by Science Applications Intemational Coiporation (SAIC) at Area B of the Alabama 
Army Ammunition Plant (ALAAP) located in Childersburg, Alabama. The ALAAP facility is'a 
National Priorities List (NPL) site and was placed on the U.S. Department of Defense (DOD) Base 
Realignment ahd Closure (BRAC) list in 1988. Supplemental RI activities Were conducted at 25 
study areas, including 19 study areas identified during.previous investigations and 6 additional sites 
identified during the Community Enyironmental Resporise Facilitation Act (CERFA) investigation 
(TETC 1994). The objectives ofthe jDresent study were to fill data gaps fi'om' previous 
investigations and fiirther define the presence,' nature, and extent of environmental contaniination 
resulting fi"om the production of explosives by the'U.S. Army during World War II. Basehne risk 
assessments were conducted fof human health arid ecological effects, the purpose of the risk 
assessments was to help determine whether any of the study aireas or CERFA sites should be 

evaluated in a companion document, the Feasibility .Study (FS) Report. The FS Report evaluates 
- • . : ' • . • • ' . . • 1 ' • - ' • • ' • : . . • t - - . ' 

remedial action altematives for study areas wjhere remedial actions may be required. 

The ALAAP facility was operated between 1942 arid' 1945 to produce nifrocellulose (NC), 
single-base smokeless powder, and nitroaromatic explosives (i.e., 2,4,6-trinifrotoluene [TNT], 
2,4-dinifrotoluene [2,4-DNT], and 2,4,6-trimfrophenyl-methylniframine [tetryl]). In addition, the 
plant also produced sulfiiric and nitric acid, aniline, diphenylamine (DPA), oleum, selhte (sodium 

Wi^ sulfite), and N,N-dimethylaniline. Since the plant was converted to standby status, various parcels 
have been excessed. Ofthe original 13,233 acres of land owned by the U.S. Army, 2,187 acres 
remain under U.S. Government confrol and are desigriated as Area B. This portiori of ALAAP was 
investigated during this Supplemental RI. 

A series of erivironmerital studies and investigations have been conducted on ALAAP since 
the first comprehensive environmental assessment in 1978. Additional studies on Area B included 
an Environmental Survey (ESE 1981), a Confirmatory Environmental Survey (ESE 1983), an RI 
(ESE 1986), and a Supplemental RI (ESE 1993). these studies concluded tiiat groundwater, soils, 

. and sediments were impacted from the production of explosives and supporting chemicals during 
the active years of the installation. The Supplemental RI conducted by SAIC was designed to fill 
data gaps pertaining to the chemical natiire and extent of environinental cbntaminatibri. 

In addition to investigations conducted at Area B of ALAAP, remediation of contaminated 
soil has occurred at four former manufacturing areas (Study Area 2 [Smokeless Powder Facility], 
Study Areas 6 and 7 [Southem and Northem T N T Manufacturing Areas], and Study Area 10-West 
[Tetiyl Manufacturing Area]). Soil remediation also occurred at Study Area 16 (Flashing Ground), 
Study Area 17 (Propellant Shipping Area), and Study Area 19 (Lead Facility). Remediation of 
sediment has occurred within portions of a drainage ditch that received process wastewater 
(Study Area 21 [Red'Water Ditch]). Remediation of a tar-like substance and contaminated 

'^^^ sediment was conducted at Study Area 9 (Aniline Sludge Basin)! A former landfill (Study Area 22 
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[Demolition Landfill]) has been capped to prevent fiiture disturbance of buried material or 
infiltration. PCB-contaminated soils have been removed from several areas where dovmed utility 
poles were located on ALAAP ^ Area B. The U.S. Environmental Protection Agency (EPA) 
approved Interim Records of Decision (IRODs) to remediate the contaminated soil and sediment at 
these study areas or to prevent future migration of contaminants. 

The present investigation was conducted in four phases (1, 2, 3, and 4A). The investigation 
consisted of field screening soil and sediment; sampUng and analyzing surface soil, sediment, and 
surface water; drilling and sampling soil borings; samplmg existmg monitoring wells at Area B; and 
installing and sampling additional monitoring wells. Hydrogeologic investigations included 
groundwater and surface water elevation measuremerits and slug testing. In addition, bioassays 
were conducted and biota samples of crayfish, fish, and rabbit tissue were collected and used to 
evaluate the potential environmental impacts of contamination at Area B of ALAAP. Aerial and 
topographic surveying was completed to map Area B surface features. 

Results from this Supplemental RI indicate that all envirorimental media, including 
groundwater, surface water, soil, and sediment, have been impacted to various degrees by previous 
activities; at ALAAP. The contaniination is characterized primarily by nifroaromatic compounds 
and metals associated with the production of explosives and the manufacturing of supporting, 
chemicals. 

A quantitative human health risk assessment was conducted for Area B. The risk 
assessment evaluated exposures to soil, groundwater, sediment, surface water, rabbit, and fish tissue 
under various land uses, including industrial, constmction, recreational, and residential. In the risk 
assessment, a chemical was identified as a chemical of concem (COC) if it significantly contributed 
to a pathway that exceeded a 1 x 10^ cancer risk or a hazard index (HI) of 1. COCs were identified 
for each land use scenario. For the most likely land uses (i.e., indiistrial and constiuction), human 
health COCs were identified for soil and groundwater, but not sediment or surface water. In soil, 
the most likely land use COCs were divided into three groups: metals, polycyclic aromatic 
hydrocarbons (PAHs), and polychlorinated biphenyls (PCBs). Fourteen COCs in soil (five metals, 
six PAHs, and three PCBs) were identified for the industrial and constmction land use scenarios. 
Twenty COCs in soil (seven metals, two explosives, eight PAHs, and three PCBs) were identified 
for the residential land use scenario, which is a more conservative and unlikely risk scenario. In 
groundwater, which was evaluated only under the residential land use scenario, the COCs consisted 
of seven explosives (or related substances), two PAHs, eight metals (mcluding lead), two SVOCs, 
and two VOCs. 

A quantitative ecological risk assessment was conducted for Area B that evaluated 
exposures to both terrestrial and aquatic receptors. The terrestrial receptors were immobile, soil 
dwelling organisms (vegetation and earthworms) and mobile, non-soil dwelhng organisms (shrews, 
rabbits, woodcocks, deer, foxes, and hawks). The aquatic receptors were rooted and floating 
vegetation, crayfish, fish, heron, and mink. Because there were no pathways for air or groundwater, 
no ecological risk calculations were made for these media. A chemical was identified as a COC if 
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the ecological hazard quotient (HQ) exceeded 1.. In soil, the ecological COCs (ecoCOCs) consisted 
{^^ of 14 metals"and 2 organics (PCBs):.'The highest risk (quotients'exceeding-100) were associated 

with aluminum and chromium at a few study areas. . In sediment, the CQCs consisted of eight 
metals and six-organic chemicals. Risk quotients did not exceed 100 in sediment. In surface water, 
the COCs consisted of seven metals and one organic chemical. Risk quotients did not exceed 100 in 
surfacewater. . • 

The groundwater underlying Area B contains frequently detected organic and inorganic 
constituents (i.e., explosives and metals) that are attributable to previous activities on ALAAP. 
Elevated concenfrations of nifroaromatic constituents, including 2,4-DNT, 2,6-DNT, and TNT 
occurs in.the southem pprtion of Area B between Study Area 17 and the Blending Tower Area 
(Study Area 18) and extending north toward Study Area 6. Another area. of groundwater 
contamination occurs in the southwestem comer of Area B and is associated with elevated 
concenfrations of 2,4-DNT and TNT: These wells-are dowoigradient from the former smokeless 
powder manufacturing area at the Alliance Coosa Pines facility (formerly Kimberly-Clark 
Corporation).' 

Groundwater containing nifroaromatic compounds also is found at isolated well locations in 
Study Area 7, the Acid/Organic Manufacturing Area (Study Area 8), and Study Area 10. Due to 
preferential flow paths in the karst aquifer, some ofthese areas may reflect downgradient "slugs" of 
the larger contaminant areas or may be related to other localized contaminant sources across the 

I I installation. 

Additional nifroaromatic: compounds detected in the groundwater at Area B include 
1,3,5-trinifrobenzene (1,3,5-TNB), 1,3-dinifrobenzene (1,3.-DNB), nifrobenzene, and isomers of 
nitrotoluene. The nifroaromatic breakdown products 2-aniino-4,6-dinifrotoluene (2-A-4,6-DNT) 
and 4-ariiino-2,6-dinifrotoluene (4-A-2,6-DNT) also were detected. Nifroaromatic compounds and 
lead were detected in bedrock wells. A precise source for the explosives is. not currentiy known. 

. Trace concentrations of volatile organic compounds (VOCs) and semivolatile organic 
compounds (SVOCs) were detected during groundwater analyses,, including ,1,1,1-trichloroetiiane 
(1,1,1-TCA), trichloroethene (TCE), toluene, phenol, pentachlorophenol (PCP), carbon 
tetrachloride, chloroform, and PAHs. Several concenfrations of organic chemicals exceed U.S. 
Environmental Protection Agency (EPA) maximum contaminant levels (MCLs), including carbon 
tetrachloride, PCP, bis-2(ethylhexyl)phthalate (B2EHP), and vinyl chloride. 

, The spatial distribution of lead cpncenfrations in the groundwater at Area B was similar to 
the observed pattems for the nifroaromatic compounds, suggesting a common source area. Lead 
concenfrations in Area B exceed the EPA action level (15 pg/L at the tap) for lead in groundwater. 

In the area east ofthe groundwater divide, tiie groundwater m the vicinity of Study Areas 16 
and 19 contains nifroaromatic compounds (2,4-DNT, TNT, and 2,6-DNT), metals, VOCs 

w y (acetone, toluene, 1,1,1 -TCA, and xylene), and a variety of SVOCs. 
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Groundwater exposures were not evaluated for human healtii effects under the industrial 
land use scenario. Drinking water for Area B currently is supplied by the county water freatment 
plant, which would mOst likely continue under fiiture industrial land use. However, the baseline 
risk assessment indicates that the risk to hypothetical residential users of the groundwater exceeds 
tiie risk-based limits established in the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP). The risks are sufficiently high to indicate that any use of the unfreated 
groundwater would resuh in risks above EPA target levels. Because of the elevated concenfrations 
of nifroaromatic compounds and lead in the groundwater within Area B, additional investigations 
are underway to determine the extent of contaminant migration, the potential for risks to offsite 
receptors, and the feasibility of groundwater remediation. A separate report with recommendations 
addressing these issues relative to the groundwater contaniination will be prepared at the conclusion 
ofthe ongoing investigations. 

Results from Phase 1 of the Supplemental RI. indicate that 2,4-DNT was the predominant 
explosive present in spils at ALAAP. However, since the initial phase (Phase 1) of sampling at 
ALAAP, an extensive amount of remediation for explosives and lead contamination has been 
conducted by Roy F. Weston and Environmental Chemical Corporation (ECC). Confirmatory 
sampling results from these excavations have been combined with the Supplemental RI sampling 
results and used in the risk assessments for ALAAP - Area B. The resulting risk assessments show 
that explosives are not human health COCs for the likely fiiture land uses (i.e., industrial and 
constmction) and are not ecoCOCs. Explosives are human health COCs for the most conservative 
land use (i.e., residential) at Study Area 2 (Smokeless Powder Facility), Study Area 7 (Northem 
TNT Manufacturing Area), and Study Area 16 (Flashing Ground). Remediation of explosives-
contaminated Soils was sufficient to reduce risks to acceptable levels for human receptors for the 
most likely fiiture land use and for ecological receptors. 

The results from the Supplemental RI for also indicate that lead is a human health COC in 
soils for both the most likely future land use (i.e., industrial and constmction) and the most 
conservative land use (i.e., residential). Lead was identified as a human health COC for the most 
likely land use (i.e., industrial and constmction) at Study Area 4 (Manhattan Project Area), Study 
Area 16 (Flashing Ground), and Study Area 22 (Demolition Landfill). Lead was identified as a 
human health COC for the most conservative land use (i.e., residential) at Study Area 8 
(Acid/Organic Manufacturing Area) and Study Area 10 - West (Tetryl Manufacturing Area), in 
addition to the study areas listed above. A variety of other metals were identified as COCs in the 
soils throughout the ALAAP - Area B study areas. 

Human health risk estimates for Study Area 16 (Flashing Ground) incorporated results from 
the Phase 1 Supplemental RI and excavation data from Roy F. Weston and ECC. The resulting risk 
assessments show that several areas of soil contaniination remain in Study Area 16 where lead was 
identified as a COC for the most likely future land use. Arsenic, hon, lead, and a variety of PAHs 
and SVOCs were identified at Study Area 16 as COCs for the most conservative land use. 
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Based on the Phase 1 Supplemental RI and the recommendations presented in the Draft 
w y Final Feasibility Study (SAIC 1996b); "a landfill cap has been pl'aced over the Demolition Landfill 

(Study Area 22) to reduce infilfration and migration of contaminants present m the soils at this study 
area.' . : 

PCBs were, detected in the surface• soil near fransformers located in Study Area 2 
(Smokeless Powder Facility). Screening samples collected aroimd all fransformers and former 
transformer buildings identified a potential PGB source from t\yo of the fransformers. A sufficient 
number of screening samples were collected to fully characterize the vertical and horizontal extent 
of contamination. Laboratory samples collected from these areas verified the presence of PCBs. 
Excavation and disposal of the PCB contaminated soils has occurred since the Phase 1 
Supplemental RI. 

PAHs were identified as human health COCs in the soil for the industrial and construction 
land uses at Study Areas 2 and 22. PAHs are byproducts of combustion and many ofthe stmctures 
in Area B were demolished by burning. As stated above. Study Area 22 (Dernolition Landfill) has 
been capped since the collection of soil samples during the Phase 1 Supplemental RI. PAHs were 
also identified as human health COCs in the soil for the residential land use at Study Areas 8 and 16. 

Several metals were ecoCOCs in surface soil with HQs >1. For example, lead was detected 
in soils at concentiations resulting in HQs exceedmg 1 at numerous stiidy areas, including Study 

\ ^ Areas 2, 3, 4, 6, 7, 8, 10 East, 10 West, 16, and 22; the Coke Oven; and tiie Pesticide and Fertilizer 
Storage Building. Aluminum also was detected in the surface soil at a number of study areas at 
concenfrations that resulted in HQs > 1. These study areas included Study Areas 2, 4, 8,16,17, and 
20; the Coke Oven; and tiie Pesticide and Fertilizer Storage Building. Study Areas 2, 3, 8, 16, 17, 
18, 20, 22, and 25; the Coke Oven; and the Pesticide and Fertilizer. Storage Building had four or 
more metal ecoCOCs with HQs >1. 

Sediments sampled from surface water bodies, drainage channels, and ditches within Area B 
contain a variety of chemical constituents, including explosives, metals, VOCs, and SVOCs. Study 
Area 21 (Red Water Ditch) carried process wastewaters from the manufacturing areas and contained 
the most abundant number of contaminants (1,3,5-TNB, 2,4,6-TNT, 2,4-PNT, 2-A-4,6-DNT, 
4-A-2,6-DNT, and'tetryl; 17 metals above background concenfrations; and, various VOCs and 
SVOCs). Explosives were detected at low concenfrations at various locations along,the Red Water 
Ditch. The highest concenfrations of metals were detected in the northem tributaiy to tiie Red 
Water Ditch, near. Study Area 8 (Acid/Organic Manufacturing Area) and at locations below .Study 
Area 5 (Red Water Storage Basin), hi the human health risk assessment, tiie only COC, identified 
was iron m the Study Area 9 (Anihne Sludge Basin) sediment under a residential land use scenario. 
None ofthe chemicals was identified as a COC under the future industiial or constiTiction land use 
scenarios. Eight metals,,acetone, and five PAHs were identified as ecoCOCs with HQs >1 in 
sediment at one or more stiidy area. 
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Surface water bodies located at Area B of ALAAP, includmg Study Area 9 (Red Water 
Storage Basin), Stiidy Area 21 (Red Water Ditch), Stiidy Area 26 (Crossover Ditch), Smdy Area 27 
(Beaver Pond Drainage System) anti a marshy area north of Study Area 16 (Flashing Ground), 
contain a variety of metals at concentrations above background. Explosives (including 2,4-DNT, 
2,6-DNT, 2,4,6-TNT, 2-A-4,6-DNT, 4-A-2,6-DNT, nifrobenzene, and isomers of nifrotoluene) were 
detected in the surface water within the Beaver Pond Drainage System. The source of explosives is 
attributed to the nearby TNT Manufacturing Areas. No COCs for human health (metals or 
explosives) were identified m surface water under any land use scenario. However, under the most 
conservative land use scenario (residential), COCs for ingesting fish were identified at two study 
areas: arsenic and Aroclor 1254 in fish from Study Area 21 (Red Water Ditch) and mercury in fish 
from Study Area 26 (Crossover Ditch). Seven nietals and carbon disulfide were identified as 
ecoCOCs with HQs >1 in surface water at one or more study areas. 

There were three types of biological measurements at -ALAAP: bioassays, tissue 
concentrations, and field-observed effects. For bioassays, soil samples vvere used for earthworm 
growth and riiortality and plant germination, sediment samples were used for sediment-dweller 
growth and mortality, and surface water samples were used for water-flea growth and mortality. 
Bioassay results were used directly to help confirm ecological risk and especially to establish 
ecological RGOs. 

For tissue chemical analysis or contaminant body-burdens, rabbit (muscle), fish (muscle 
[fillets], remainders, and whole body), and crayfish (whole body) were analyzed. The rabbit and 
fish data were used in exposure equations involving fish and game consumption by humans. 
They were destined for use as biotransfer factors in exposure equations for ecological predators; 
however, because the factors were not substantially different from those found in literature 
compilations, the literature factors were used. On-site tissue concentration data were used to 
provide context. For example, pesticide concentrations were much higher in fish from 
background locations than in fish from study areas inside Area B. An explanation for this is that 
reference streams drain agricultural lands where pesticides have been and are being used while 
no farming or related activities have occurred at ALAAP for more than 50 years.. 

The principal field-observed effects were that populations offish and wildlife did not seem 
similar from habitat to habitat and study area to study area. For example, it required much more 
effort to obtain fish in the lower Crossover Ditch than other similar places. In study areas near the 
facilities and especially along the berms of the Red Water Ditch, there were patches of soil where 
no germiriation occurred. This third type of biological measurement did not have the cause/effect 
relationships so well established with the bioassays. Regardless, all the on-site biological 
measurements supported or provided context and numbers for the ecological risk assessment. 

The recommendations for fiirther actions for soils, sediments, and surface water are 
summarized in Tables ES-1 through ES-3. Recommendations are provided for botii the hkely 
future land use scenarios (i.e., industrial and constmction) and the most conservative land use 
scenario (i.e., residential) based on human health risk estimates. The industrial and constmction 
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scenarios are proposed as the most likely reuse altemative for Area B of ALAAP, according to a 
W J Site Management Plan prepared by tH'e U.S. Army Environmerital Center (USAEC) for ALAAP 

(USAEC 1995b). Recommendations for protection of the environment also are provided based on 
quantitative ecological risk assessments. . 

Remedial goal options (RGOs) are cleanup goals designed to be protective of human health 
and the environment and were calciilated for the human health COCs and ecoCOCs. In accordance 
with EPA Region IV guidance, human health remedial goal options (HHRGOs) were calculated for 
each COC and for each land use. The HHRGOs are esthnates of protective cleanup levels based on 
risk to human receptors and were developed using cancer target risks of l x 10"̂ , 1 x 10"̂ , and 1 
X 10^, and using noncancer target HQs of 0.1, 1, and 3. This provides multiple RGOs for a given 
chemical. 

The ecoRGOs are based on the above findmgs as well as the resuhs frOm numerous site-
specific bioassays and background measurements. Background-provided a realistic RGO if other 
derived concenfrations were lower than background. The resulting CCORCJOS were justified on the 
basis of (1) ARARs, (2) toxicological effects-based calculations for soil dwelling organisms 
(plants and earthworms) and non-soil dwelling organisms (mammals and birds), (3) ALAAP-
specific bioassay results, and (4) background measurements. EcoRGOs are protective of mobile 
non-soil dwellers and immobile soil dwiellers at Area B. 

K ^ The final assessment of the need for remediation at Area B will be made through risk 
management decisions. In deciding whether or not an area requires fiirther action, risk managers 
consider many factors, such as the nature and extent ofthe contamination, magnitude of tiie risk 
estimate, and uncertainty associated with a risk estunate. These factors arid their applicabiUty to the 
Area B study areas will be discussed and evaluated in the FS. In addition, the HHRGOs, ecoRGOs, 
and ARARs will be presented and considered in the selection ofthe final cleanup levels. Integration 
of public comments, regulatory reviews, documented fmdmgs from investigations at Area B of 
ALAAP, and the Technical Review Committee (TRC) recommendations are used to reach the fmal 
decisions pertaining to fiuther actions at the investigated sites. The decisions will be documented m 
the Final Record of Decision (ROD) for Area B of ALAAP. 

W^ 
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Table ES-1. Recommendations for Soil 
Alabama Army Ammunition Plant, Childersburg, Alabama wy 

Study 
Area No. 

2 
3 

4 
6 

7 

8 

8 

10-East 
10-West 

16 
17-
18 
19 

. 20 

22 

. 25 

CERFA 
Site 

CERFA 
Site 

CERFA 
Site 

CERFA 
Site 

Study Area 

Smokeless Powder Facility 
Sanitary Landfill and Lead 
Facility 
Manhattan Project Area 
Southem TNT 
Manufacturing Area 

Northem TNT 
Manufacturing Area 

Acid/Organic 
Manufacturing Area 
Acid/Organic . 
Manufacturing Area - Test 
Pits 
Tetryl Manufacturing Area 

Tetryl Manufacturing Area 
Flashing Ground 
Propellant Shipping Area 
Blending Tower Area 
Lead Facility . 
Rifle Powder Finishing 
Area , , 
Demolition Landfill 

Storage Battery/Demolition 
Debns 

Coke Oven (B6) 

Downed Utility Poles with 
Transformers and 
Transformer Storage 
Building (PO) 
USTs and Gas Station (US 
and GS) 
Fertilizer and Pesticide 
Storage Building (PS) 

Protection of Human Health 
Likely Land Use 
(Industrial and 
Construction) 

Evaluate in FS. 
No further action. 

Evaluate in FS. 
No further action. 
Site has been 
remediated. 
No further action. 
Site has been . 
remediated. 
Evaluate in FS. 

Evaluate in FS. 

Evaluate in FS. 

No further action. 
Evaluate in FS. 
Evaluate in FS. 
No further action. 
No further action. 
No further action. 

No further action. 
Landfill has been 
capped. 
Remove batteries and 
debris from hillside. 

No further action. 

No further action 
pending approval of 
the Closure Report for 
remediated soils. 
No fiirther action 

Evaluate in FS. 

Most Conservative 
Land Use 

(Residential) 
Evaluate in FS. 
Evaluate in FS. 

Evaluate in FS. 
No further action. 
Site has been 
remediated. 

No further action''. 
Site has been 
remediated. 
Evaluate in FS. 

Evaluate in FS. , 

Evaluate in FS. 

Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 

No further action. 
Landfill has been 
capped. 
Remove batteries and 
debris from hillside. 
Evaluate COCs in FS. 
Evaluate in FS. 

No further action 
pending approval of 
the Closure Report for 
remediated soils. 
Evaluate in FS. 

Evaluate in FS. 

Protection of 
Ecological Resources' 

Evaluate in FS. ' 
Evaluate in FS. 

Evaluate in FS. 
No further action"". 
Site has been 
remediated. 
No further action*". 
Site has been 
remediated. 
Evaluate in FS. 

No further action. 

Evaluate in FS. 

Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 
No further action. 
Evaluate in FS. 

No fiirther action. 
Landfill has been 
capped. 
Remove batteries and. 
debris from hillside. 
Evaluate COCs in FS. 
Evaluate in FS. 

No fiirther action 
pending approval of 
the Closure Report for 
remediated soils. 
No further action. 

Evaluate in FS. 

^ 

" Recommendations are based on ecoCOCs with HQ >1. 
*" Risk assessment results show COCs. However, site has been remediated. 

\J 
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vw 
Table ES-2. Recommendations for Sediment 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Study 
Area No. 

5 
9 

9 
9 

16 
21 

26 

27 

Talladega 
Creek 
Coosa 
River 

• • i 

Study Area 

Red Water Storage Basin 
Aniline Sludge Basin -
Sediment 
Aniline Sludge Basin - Tar 
Aniline Sludge Basin -
Sediments Beneath Tar 
Flashing Ground 
Red Water Ditch 

Crossover Ditch 

Beaver Pond Drainage 
System 

; V' Protection of Humari Health 
Likely Land Use 
(Industrial and 
Construction) 

No further action. 
No fiirther action. 

No further action. 
No further action. 

No further action. 
No further action. 

No further action. 

No further action. 

No further action. 

No further action. 

Most Conservative 
Land Use 

(Residential) 
No further action. 
Evaluate sediment in 
FS. 
No further action. 
No further action. 

No further action. 
No fiirther action. 

No further action. 

No further action. 

No further action. 

No further action. 

Protection of 
Ecological 
Resources' 

No further action. 
Evaluate sediment in 
FS. 
No further action. 
No fiirther action. 

No further action. 
Evaluate sediment in 
FS. 
Evaluate sediment in 
FS. 
Evaluate sediment in 
FS. 
No further action*". 

No fiirther action*". 

^ Recommendations are based on ecoCOCs with HQ >1. 
*" Although risk assessment results show COCs, no further action is recommended in this Supplemental RI/FS. This 

area is being evaluated as part ofa separate groundwater investigation. 

Table ES-3. Recommendations for Surface Water 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Study 
Area No. 

9 
16 
21 

26 

27 

Talladega 
Creek 
Coosa 
River 

Study Area 

Aniline Sludge Basin 
Flashing Ground 
Red Water Ditch 

Crossover Ditch 

Beaver Pond Drainage 
System 

Protection of Human Health 
Likely Land Use 
(Industrial and 
Construction) 

No further action. 
No fiirther action. 
No fiirther action. 

No further action. 

No further action. 

No ftirther action. 

No fiirther action. 

Most Conservative 
Land Use 

(Residential) 
No further action. 
No further action. 
Evaluate in FS based on 
COCs in fish tissue. 
Evaluate in FS based on 
COCs in fish tissue. 
No further action. 

No further action. 

No fiirther action. 

Protection of 
Ecological 
Resources" 

Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 

Evaluate in FS. 

Evaluate in FS. 

No further action. 

No further action*". 

^ Recommendations are based on ecoCOCs with HQ >1. 
I ^ *" Although risk assessment results show COCs, no further action is recommended in this Supplemental RI/FS. This 

area is being evaluated as part ofa separate groundwater investigation. 
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1. INTRODUCTION 
wy 

This report documents the results of tiie Supplemental Remedial hivestigation (RI) 
conducted by Science AppUcations Intemational Corporation^(SAIC) at AreaB on the Alabama 
Aimy Ammunition Plant (ALAAP) located in Childersburg, Alabama. The ALAAP facility is a 
National Priorities List (NPL) site and was investigated under the Comprehensive Environmental 
Response, Compensation, and Liabihty Act (CERCLA) and tiie National Envhonmental PoUcy Act 
(NEPA) to provide a response to potential enviromnental contamination caused by previous site 
usage. The mvestigation is the second supplemental study of Area B conducted to identify and 
delmeate environmental contamination in the former manufacturing, processing, storage, and 
shipping areas on the ALAAP faciUty. The results of the present investigations were used in 
conjunction witii historical site data to complete a Feasibility Stiidy,(FS), which presents 
altematives and recommendations for the remediation of envu-onmentally detrimental areas 
identified during tiiis investigation. This Supplemental RI was conducted by SAIC in four phases 
between 1994 and 1997 at tiie request of tiie U.S. Army Envhonmental Center (USAEC) Base 
Realignment and Closure (BRAC) Division pursuant to Contiact DAAA 15-91-D-0017, DeUvery 
Order DA 12. The fourth phase of investigations is currently underway and is focused specifically 
on groundwater contamiriation present withm Area B. The Phase 4 groundwater investigations are 
being conducted for the U.S. Army Corps of Engineers (USACE), Mobile District under Contract 
DACA21-95-D-0022 and results will be presented in a separate report. Soil, sediment, and tar-like 
material were sampled from two study areas during the Phase 4 mvestigations and the results are 

\ 4 ^ presented in this report. The following sections describe the purpose, scope, and objectives of the 
current investigation, provide historical and regulatory background for the facility, and sunimarize 
previous mvestigations conducted at the study areas. 

1.1 PURPOSE AND SCOPE 

Supplemental RI activities for Area B were conducted at 25 study areas, mcludmg 19 sites 
identified during previous investigations and 6 additional areas identified during the Community 
Environmental Response Facilitation Act (CERFA) mspection (TETC 1994). Several ofthe study 
areas along the southem facility boundary had not been investigated previously. The objectives of 
the present study were to mvestigate the presence, nature, and extent of potential environmental 
contamination resulting from the production of explosives by the U.S. Army during World War U. 
The mvestigations mcluded assessments ofthe sources of potential contamination, delmeation ofthe 
areal extent of detected contammation, detailed geologic and hydrogeologic characterization of the 
site, and assessment of potential ecological and human health risks associated with the 
contaminants. The investigated smdy areas are presented in Table 1-1 and mclude nme 
manufacturmg areas, nine waste disposal areas or ditches (e.g., landfills, bummg grounds, or 
basms), and one shippmg area. The CERFA study areas include a coke oven, a transformer storage 
buildmg and several locations with downed transformer utility poles, three former underground 
storage tank (UST) sites, a fertilizer and pesticide storage building, and a former gas station. The 
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Table 1-1. Sites Identified for the Supplemental Remedial Investigation at Area B 
Alabama Army Ammunition Plant, Childersburg, Alabama wy 

study Area No. ' 

2 

3 

4 

5 

6 

7 . 

8 

9 

10 

16 

17 

18 

19 

20 

21 

22 

25 ' 

26 

27 

31,32,TC4A,TC4B 

N/A 

CERFA Site 

CERFA Site 

CERFA Site 

CERFA Site 

CERFA Site 

CERFA Site 

Study Area 

Smokeless Powder Facility 

Sanitary Landfill and Lead Faciiity 

Manhattan Project Area 

Red Water Storage Basin 

Southem TNT Manufacturing Area 

Northern TNT Manufacturing Area 

Acid/Organic Manufacturing Area 

Aniline Sludge Basin 

Tetryl Manufacturing Area 

Flashing Ground 

Propellant Shipping Area 

Blending Tower Area 

Lead Facility 

Rifle Powder Finishing Area 

Red Water Ditch 

Demolition Landfill 

Storage Battery/Demolition Debris 

Crossover Ditch 

Beaver Pond E>rainage System 

Manufacturing 
Area 

V 

V 

• 

• 

V 

' • 

• 

• 

• 

• 

Shippiog 
Area 

• 

Other Area 

• 

• 

• 

• 

• 

• . 

• 

• 

• 

Stockpile Soils 

Industrial Sewerllne System 

Building 6 - Coke Oven 

Transformer Storage Building 

Downed Utility Poles with Transformers 

Underground Storage Tanks 

Fertilizer and Pesticide Storage 

Gas Station 

^ w ^ 

N/A - Not Applicable 

wy 
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Supplemental RI was conducted to address data deficieiicies ideiitified by the U.S. Envhonmental 
[ ^^ Protection Agency (EPA) and tiie Alabama Departinent of Environmental Management (ADEM). 

The first phase ofthe Supplemental RI for Area B (referred to as Phase 1) was conducted 
from September 1994 through August 1995; the majority ofthe mvestigation was implemented 
from March through August 1995. The results ofthe Phase 1 mvestigation were documented m the 
Draft Fmal RI Report for ALAAP - Area B (SAIC 1996a). As a result of comments received from 
ADEM and data gaps that were identified, SAIC conducted three additional phases of Supplemental 
RI activities m Area B. Phase 2 .was implemented from May'to July 1996 and Phase 3 was 
implemented from December 1996 to January 1997. Sampling and analysis of soil, sediment, and 
waste material from two study areas were conducted as part of Phase 4 in October to December 
1997 and the results also are presented in this report. A revised (i.e.. Version 2) Draft Final RI 
Report was prepared m April 1999 and presented the results ofthe four phases of Supplemental RI 
activities and conclusions and recommendations based on the results (SAIC 1999). Comments were 
received from the following agencies and organizations: U.S. Envhonmental Protection Agency 
(EPA) Region FV, Alabama Department of Environmental Management (ADEM), U.S. Army 
Center for Healtii Promotion and Preventive Medicme (USACHPPM), and U.S. Army Corps of 
Engmeers Waterway Experiment Station (USACE/WES). The comments have been addressed and 
changes incorporated into this Final RI Report. Written responses to each ofthe commerits received 
are provided m Appendix P to this report. 

1.2 OBJECTIVES 

The Phase I Rl activities foUowed the site-specific Sampling and Analysis Plan 
(SAP)/Work Plan (SAIC 1995a), Quality Assurance Project Plan (QAPP) (SAIC 1995b), and 
Healtii and Safety Plan (HASP) (SAIC 1995c). Addenda to tiie SAP/Work Plan, QAPP, and HASP 
were prepared prior to implementation of RI Phases 2, 3, and 4 (SAIC June 1996; SAIC November 
1996; SAIC October 1997). RI activities were conducted using EPA and USAEC guidance, 
mcludmg Guidance for Conducting Remedial Investigations and Feasibility Studies Under 
CERCLA (EPA 1988a); Data Quality Objectives for Remedial Response Activities (EPA 1987c); 
Environmental Compliance Branch Standard Operating Procedures and Quality Assurance Branch 
(EPA 1991d); Geotechnical Requirements for DriUing, Monitor WeUs, Data Acquisition, and 
Reports (USATHAMA 1987); and tiie Quality Assurance Program (USATHAMA 1990). 
Additional regulatory guidance spectfic to the human health and ecological risk assessments is cited 
in the associated sections of this report. 

The specific objectives ofthe Supplemental RI at ALAAP were to: 

• Delmeate the presence, chemical nature, concentration, and distribution of identified 
contaniinants 

• Evaluate the potential for contammant release and migration 

t ^ • Conduct quantitative human health and ecological risk assessments 
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• Prepare recommendations for remedial actions to mitig^e quantified contamination that 

poses an unacceptable risk to human or ecological receptors p ^ J 

• Evaluate the necessity for hnmediate response actions 

• Develop sufficient mformation to prepare a Record of Decision (ROD) for Area B. 

1.3 REPORT ORGANIZATION 

The RI Report is stmctured m accordance with outimes provided m Guidance for 
Conducting Remedial Investigations and Feasibility Studies Under CERCLA (EPA 1988a). The 
contents ofthe report by section are presented below: 

• Section 1. Introduction—The remainder of this section summarizes the site 
,"1 

background and history, describes processes and waste disposal history, summarizes 
previous studies and investigations, describes each study area under investigation, and 
discusses current site activities. 

• Section 2. Environmental Setting—This section presents the geographic and 
environmental settmg of ALAAP - Area B. Physiography and topography, clunate, 
demographics and land use, geology, soil, hydrogeology, hydrology, vegetation and 
habitats, and wildUfe are discussed. 

• Section 3. Methods and Procedures—^The rationale for aU four phases of the field , i 
mvestigation activities, methodologies, and sampling procedures is presented in this ^ ^ 
section. The section discusses methodologies for monitormg weU mventory; aerial and 
topographic surveymg; field screening; geological/geotechnical investigations; 
groundwater, surface water, and sediment samplmg; hydrogeological and ecological 
mvestigations; and disposition of investigation-derived waste (IDW). 

• Section 4. Results of Field Investigations—This section provides a fi-amework for 
imderstandmg the nature and extent of contamination by first discussmg the site-specific 
geology and hydrogeology of ALAAP - Area B. An assessment ofdata quality and the 
identification of site-related contammants for all envhonmental media are provided. 
Discussions ofthe nature and extent of site-related contaminants m groundwater, soil, 
surface water, sediment, and biota are mcluded. 

• Section 5. Chenucal Fate and Transport—This section discusses the physical and 
cheinical properties ofthe site-related contaminants and theh expected fate and transport 
m soil, groimdwater, surface water, and sedunent. A conceptual site model for Area B 
also is presented that depicts the physiography and interaction ofthe surface water, soil, 
and groimdwater. An explanation ofthe approach for the fate and transport analysis, the 
modeling conducted, and estimated uncertamty m the approach is provided. 

• Section 6. Human Health Risk Assessment—Tids section presents the results of the 
human health risk assessment, including the methodology, identification of chemicals of , i 
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potential concern (COPCs), exposure assessment, toxicity assessment, a risk 
W y characterization that identifies the chemicals of concem (COCs), the development of 

remedial goal options (RGOs), and an evaluation ofthe uncertainty m the assessment. 

• Section 7. Ecological Risk Assessment—This section presents the results of the 
ecological risk assessment, mcluding the methodology, identification of chemicals of 
potential ecological concern (COPECs), exposure assessment, toxicity assessment, a risk 
characterization that identifies the COCs, the development of RGOs, and an evaluation 
of the uncertainty m the assessment. 

• Section 8. Summary and Conclusions—This section presents the recommendations 
and conclusions for each study area and lists the COCs for each media that will be used 
m the accompanying FS. 

• Section 9. References—This section Usts the references that were used during the 
preparation of this report. 

• Appendices—The appendices to the report provide supportmg mformation and data for 
the foUowing activities: monitormg well mventory, land surveying, field screening, 
geotechnical investigations, hydrogeologic investigations, ecological surveys and 
mvestigations, data quality assessment, contammant fate and transport modelmg, and the 
human health and ecological risk assessments. The appendices also provide soU boring 
logs, monitoring well logs and constmction diagrams, summary statistics for comparison 
of site data to background, and summary data tables for laboratory analytical results. 
Comments received from reviewmg agencies and organizations on the Draft Final 
(Version 2) Rl Report and approved responses to the comments are also provided in an 
appendix. 

1.4 SITE BACKGROUND 

The ALAAP faciUty is located in Talladega County, Alabama, approximately 4 miles north 
of the town of Childersburg and 40 miles southeast of the city of Bhmmgham. The plant was 
estabUshed m 1941 on 13,233 acres of lahd near the junction of Talladega Creek and tiie Coosa 
River (Figure 1-1). The original mission of ALAAP was to manufacture trinitrotoluene (TNT), 
duiitiotoluene (DNT), 2,4,6-tiinifrophenyl metiiyhutramme (tetryl), and smgle-base smokeless 
powder for caimon and small arms in support of World War II efforts. The plant also produced the 
necessary supportmg chemicals for the manufacturing operations, mcludmg nitric and sulfuric acids. 
Much of the original.site was cleared when the facility was constmcted in 1941. However, 
3,411 acres of controUed pme forest have been planted m Area A smce the cessation of operations 
m 1973. Loggmg operations have been aUowed m Area A and throughout Area B since that tune. 

k ^ 
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AU<M>FS 

U.S. ARMY ENVIRONMENTAL CENTER 

ALABAMA ARMY AMMUNITION PLANT 

CHILDERSBURG, ALABAMA 

ALAAP Location Map 

Figure No. 

1-1 
Project No. 

01-0827-03-8178-045 
RIe Nome 

99015\DWGS\E42F1-1 

Date 

03-31-99 
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1.4.1 FaciUty Histoiy 

The ALAAP facility was operated by the EI duPont Company as a Government-owned/ 
conti-actor-operated (GOCO) faciUty during World War II with tiie intent of producmg 
nitio-ceUulose (NC), smgle-base smokeless powder, and nitioaroinatic explosives (i.e., TNT, DNT, 
and tetiyl). The plant was designed to manufactiire 400,000 pounds of TNT; 30,000 pounds of 
DNT; and 36,000 pounds of tetryl on a daily basis. The plant's peak monthly production of the 
nifroaromatic explosives was 15.6 miUion pounds of NC m October 1942, 21.8 miUion pounds of 
TNT m April 1945, and 2.4 miUion pounds of tetiyl m March 1945 (DA 1978). Figure 1-2 shows 
the origmal facUity layout for the manufacturing, shippmg, and storage areas. 

In addition to the manufacture of propeUants and explosives, the plant produced sulfuric and 
nitric acid, arulme, diphenylamme (DPA), oleum (40 percent sulfur trioxide and sulfuric acid), 
selUte (sodium sulfite), and N,N-dmiethylanilme. Spent acids were recycled and unrecoverable 
wastes resulting from these operations were disposed of onsite by discharge to an unlined ditch 
(DA 1978). The acid faciUty was leased to Tennessee Copper Corporation between 1947 and 1966 
for the manufacture of acids and organic compounds on the site. Average daily production of 
oleum and selUte at ALAAP during its operation was 400 and 15 tons, respectively. In August 
1945, the plant reverted to a standby status and the Govemment began excessing property. 

Between 1949 and 1971, the Beaimit Corporation, an aflBliate of El Paso Natural Gas, 
manufactured rayon m a leased area north of AreaB (see Figure 1-2). In Januaiy 1954, the 
Govemment entered mto a contract with the Liberty Powder Defense Corporation, a subsidiary of 
Olin Mathieson Chemical Corporation, m an effort to rehabUitate the plant. The conti-act provided 
for maintenance and consultant services in cormection with the plant rehabUitation. RehabiUtation 
was mitiated in April 1955, but was halted in October 1957 with only 75 percent ofthe rehabiUtation 
complete. The plant was mamtamed m various stages of standby status untU the early 1970s. 

In 1973, the U.S. Army released the ALAAP facility to the General Services Adnunistration 
(GSA) so that it could be sold. However, GSA declmed to accept 1,620 acres of the former 
manufacturing area, part of what is now designated as Area B, because the area could not be 
certified free from contammation. Beghming m 1973, a contioUed bummg program was 
hnplemented by the U.S. Army to desfroy explosives residues m the former mdustrial and storage 
areas. Nearly all of the buUdmgs tiiat were components of tiie explosives manufacturmg faciUties 
and the acid and organic chemical manufacturing faciUties were bumed. Sewers and underground 
utilities were left mtact (ESE 1981). 

The areas of ALAAP that were assessed by GSA m 1973 to be uncontammated comprise 
tiie GSA Area, hi 1977, a 1,354-acre parcel m tiie GSA Areacontammg tiie former NC 
manufacturing area, the smokeless powder manufacturing area, and 247 associated buUdmgs was 
sold to Khnberiy-Clark Corporation, hi tiie same year, tiie U.S. Army leased back 291 acres witiim 
the GSA Area from Khnberly-Clark so that tiie area could be decontammated, the manufacturing 
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Introduction 

equipment removed, and the buUdings razed. These areas comprise the Leaseback Area. One 
L J hundred and fifty-five additional buildmgs used primarily for explosives storage were left mtact 

(ESE 1981). 

By 1981, the facility had been divided mto Area A (2,714 acres) to the east, containing the 
former storage area and GSA Area stUl under U.S. Government control, and Area B (2,187 acres), 
consistmg ofthe former manufacturing (mdustiial) area (see Figure 1-2). In 1988, the Secretary of 
Defense recommended that the ALAAP faciUty be closed and placed it on the U.S. Department of 
Defense (DOD) BRAC 88 list. Area A was auctioned in May 1990 to private buyers who currentiy 
use the properties for logging and as hunting grounds. Area B remains under U.S. Army confrol m 
caretaker status and is bounded by Little Blue Creek to the north, the Coosa River to the west, and 
Talladega Creek and a pulp mUl to the south. The faciUty was proposed for mclusion on the NPL 
by EPA m 1984 and was mcluded on the list m 1987. The Area A portion ofthe ALAAP facility is 
currently in the process of bemg deleted from the NPL. 

1.4.2 Manufactuiing Processes and Waste Disposal History 

Area B supported several explosives manufacturing operations, mcluding the production of 
TNT, DNT, tetiyl, acid, and other support chemicals. Powdered metals, such as barium, aluminum, 
manganese, magnesium, and lead, typicaUy were used as additives during the production and 
manufacturmg of explosives, explosives powder, and ammunition during World War II to increase 
theh effectiveness (Federoff et al. 1960). The use of lead is particularly pervasive in production 

"^wr processes for explosives (e.g., nitrators, dymg pans, and bearing metal), ammunition (e.g., buUets, 
shrapnel balls and shot, and preparation of oxides and salts for explosives niixtures) and TNT 
(typically uses an initiator made of lead or lead azide). No mformation is available on the specific 
use of metals during the production of explosives, ammunition, and TNT at ALAAP. However, 
because of the extensive explosive, ammunition, and TNT production activities at ALAAP during 
World War II, it is possible that some of these metals may have been used m the respective 
manufacturing processes. The foUowing paragraphs describe the manufacturing processes that were 
used during the production ofthese explosives and associated chemicals. 

Trinitrotoluene—TNT was produced by the successive nitration of toluene in four 
production lmes m the Southem TNT Manufacturing Area (Study Area 6) and from four production 
lmes m the Nortiiem TNT Manufacturing Area (Study Area 7). Figure 1-3 is a generalized flow 
diagram of a TNT production line at ALAAP. A critical aspect of the nitration was the chculation 
of water through coolmg coUs to confrol the process temperature. Nitric and sulfiiric acids were 
ti-ansported to tiie two TNT manufacturing areas from the Acid/Organic Manufacturing Area 
(Study Area 8). Acids recovered from the TNT process were transported back to the Acid/Organic 
Manufactijring Area for separation. SelUte (sodium sulfite) and sodium carbonate (soda ash) were 
used m the TNT manufacturing process to neuti-alize the tii-niti:-ated oil and remove unsymmetrical 
TNT isomers. The product ofthe combination of seUite and unsymmetrical TNT isomers is caUed 
"red water." After the neutralization and purification process, the molten TNT was hardened. 
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shaved, boxed, and stored. A recovery house was located at each TNT hne to cfrculate and separate 
V^^ acids and fumes origmating from the nitration houses. 

The four TNT production lines m the Southem TNT Manufacturing Area were modified m 
1943 to incorporate toluene manufacturing. However, during the 1954-57 rehabiUtation period, 
Olm Mathieson Chemical Corporation retumed three of the TNT lines to theh Original condition 
(DA 1978). Although mformation describing the methods of toluene production at ALAAP is not 
available, toluene likely was produced by combming methyl alcohol, benzene, and sulfiiric acid in a 
Friedel-Crafts reaction. The majority ofthe wastes generated from the eight TNT production Unes 
associated with the northem and southem manufacturing areas were piped to the Red Water Ditch 
(Study Area 21). An unknown amount of hquid waste from the Southem TNT Manufacturing Area 
was discharged to the Red Water Storage Basin (Study Area 5). 

Dinitrotoluene—Only one DNT production Une was constmcted at ALAAP. This line was 
operated m conjimction with a TNT production Ime m the Northem TNT Manufacturing Area. 
Figure 1-4 presents a generalized TNT/DNT production flow diagram. DNT was produced in a 
sunilar marmer to TNT; however, the process mvolved only two nitration steps. Sodium carbonate 
was the only compound added to neutralize the bi-nifrotoluene oU. The residual DNT and sodium 
carbonate mixture was drawn off m a catch tank system. The neutralized DNT was pumped by ah 
pressure mto a DNT storage tank where it was dried, chopped, boxed, and stored. The recovery 
house used m the TNT production line also was used to recover fimies and waste acid from the 
DNT production Une. Waste from the DNT production line was dfrected to the Red Water Ditch. 
The fate of the wastes collected in the catch tank system is uncertain, although it is likely that the 
mixture probably was dfrected to the Red Water Ditch. 

Je/rv/—Twelve tetryl manufacturing lmes were located at the ALAAP Tetryl 
Manufacturing Facility (Study Area 10). Figure 1-5 is a generalized production flow diagram ofa 
tetryl production line at ALAAP. Tetryl was produced in a two-step process. The first step mvolved 
sulfonating N,N-dunethylanUme usmg N,N-dunethylaniline and sulfiiric acid that was transported 
from the Acid/Organic Manufacturing Area to the sulfonating house at the Tetryl Manufacturing 
Area. The resulting intermediate compoimd, dunethylaniline sulfate (DMAS), then was nitrated in 
the second step of the process using a nitric and suUuric acid mixture obtained from the 
Acid/Organic Manufacturmg Area. Sodium carbonate was used to neutralize the resultmg tetryl. 
Tetryl was refined by dispersmg steam through a mixture of tetryl, acetone, and water. The refined 
tetryl was afr dried, boxed, and stored. This refining process removed inteimediate byproducts, 
which tiien were dfrected to tiie Red Water Ditch. Waste acids and fimies were dfrected to a 
recovery house, while residual tetryl and sodium carbonate were dfrected to the Red Water Ditch. 

Acids/Organics—^Acids and supportmg organics were produced m the Acid/Organic 
Manufacturing Area (Study Area 8). Oleum (40 percent sulfiu- tiioxide and sulftiric acid) and selUte 
(sodium sulfite) were derived from the bummg of sulfiu-. Figure 1-6 shows a generaUzed 
production flow diagram for the acids. The suUur bum pit produced the necessary sulfur dioxide 
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and oleum was produced by coolmg the sulfiu- dioxide with sulfiiric acid. SelUte was produced by 
\ ^ combming the sulfur dioxide wdth water and then addmg sodium carbonate. The resulting sulfate 

waste from these reactions was dfrected to the Red Water Ditch. 

Nitric acid was produced by allowmg afr oxidation of ammonia to produce nifrous oxides. 
The resultmg nifrous oxides then were cooled and the water was added to produce 60 percent nitric 
acid. The acid then was distiUed with suUuric acid to produce 98 percent nibic acid and 68 percent 
sulfiiric acid. The concenfrated acids then were dfrected to BuUdmg 904, where they were separated 
and distributed to the necessary operations. Waste acids from the recovery houses were dfrected to 
the distiUation process to recover them for fiirther use. Unrecoverable waste acid was dfrected to 
tiie Red Water Ditch. 

N,N-Dimethylaniline used to support the manufacture of tetryl also was produced m the 
Acid/Organic Manufacturing Area. N,N-Dunethylanilme production began with the addition of 
nitric and sulfiuic acids to benzene to produce nifrobenzene. 'Catalytic reduction of nifrobenzene 
yielded aniline. The anUme then was freated wdth a mixture of sulfuric acid and methyl alcohol 
under high pressure and temperature to yield N,N-dunethylanilme. Waste acids were recovered and 
recirculated throughout the process. Waste Uquid from this process was sent to the Red Water Ditch. 

1.4.3 Previous Studies and Investigations 

\^ l l i / 

\ i S ^ 

Previous envfronmental studies and mvestigations conducted at the ALAAP faciUty are 
summarized m Table 1-2 and described below. 

The U.S Army conducted the fu:st comprehensive envfronmental assessment at ALAAP m 
1978 (DA 1978). The investigation, consistmg of a records evaluation and a site inspection, 
siunmarized facility operations and manufactiuing processes, and identified sites (mcluding 
buUdmgs) throughout the faciUty that exhibited visible contammation or presented the potential for 
contammation ofthe envfronment. The records search concluded that facUity areas are potentiaUy 
contaminated with chemical and explosives manufacturing wastes, uicluding TNT, DNT, tetryl, 
smokeless powders, acids/organic comppunds, and metals, and that the potential exists for 
contaminated surface runoff. 

Envfromnental Science and Engmeering (ESE) conducted an Envfronmental Survey 
(later referred to as tiie Exploratory Survey) (ESE 1981) and a Confirmatory Envfronmental Survey 
(ESE 1983) of tiie ALAAP faciUty under contiact to tiie U.S. Army Toxic and Hazardous Materials 
Agency (USATHAMA) between 1979 and 1983. Contamhiation by explosives residues m soU, 
sedhnent, and shallow groundwater m the manufacturing areas on ALAAP was noted m the 
Exploratory Survey report (ESE 1981). The Confirmatory Envfronmental Survey (ESE 1983) was 
conducted to verify the presence of envfronmental contamination, investigate the magnitude and 
extent ofthe releases at the faciUty, and assess potential envfronmental and human healtii unpacts. 
The Confirmatory Envfronmental Survey (ESE 1983) evaluated eight sites m Area B, mcludmg tiie 
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Table 1-2. Significant Previous Environmental Investigations 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Date 

May 1978 . 

July 1981 

June 1983 

July 1986 

September 1987 

November 1987 

January 1991 

September 1991 

October 1991 

December 1991 

August 1992 

June 1993 

April 1994 

April 1994 

November 1994 

Title/Author 

Installation Assessment of ALAAP 
(USATHAMA) 

Environmental Survey of ALAAP 
(ESE) 

Confirmatory Enviionmental Survey, 
ALAAP, Final Report (ESE) 

ALAAP RI Final Report (ESE) 

Preliminary Natural Resource 
Survey, ALAAP (USFWS) 

ALAAP FS, Final Report (ESE) 

Stockpile Characterization Report for 
ALAAP (ESE) 

RI/FS of the Industrial Sewer 
System, ALAAP (ESE) 

FS for the ALAAP Soil Stockpile 
Area (Roy F. Weston) 

ROD, ALAAP, Alabama Stockpile 
Soils Area Operable Unit 
(Lt. Colonel T.E. Dresen, 
Commander, Alabaina Army 
Ammunition Plant) 

Supplemental RI/FS for Area B, 
ALAAP, Final Baseline Risk 
Assessment, Vol. I, II (ESE) 

Supplemental Rl/FS for Area B, 
ALAAP, Final Remedial 
Investigation, Vol. 1, II (ESE) 

IROD Stockpile Soils (Roy F. 
Weston) 

CERFA Report (TETC) 

IROD, ALAAP, Study Areas 6, 
7,10, and 21 of the Area B Soil 
Operable Unit (Roy F. Weston) 

Summary 

Initial study; specific areas ofthe facility were found to be 
potentially contaminated by explosives and lead. 

Identified the type and extent of contamination due to past 
operations in order to release ALAAP as excess property. 

Further defined the extent of contamination in the 
Industrial Area and part ofthe GSA Area and 
characterized the hydrogeology ofthe site. 

The RI yielded findings of nitroaromatic, lead, and 
asbestos contamination in various media. 

The survey indicated the presence of critical habitat and 
endangered species. 

An FS was perfonned to develop remedial responses to 
uncontrolled releases. 

Explosives, lead, and asbestos were identified at 
concentrations greater than acceptable regulatory limits. 

Recommended excavation, onsite mobile rotary kiln 
incineration, and onsite landfilling for the nitroaromatic 
contaminated media in the vicinity ofthe sewerlines and 
manholes. 

Incineration identified as the preferred remediation 
method. 

A ROD was filed for Stockpile Soils in Building TC4A in 
Area B with incineration as the chosen remediation 
method. 

Established the risks to public health, welfare, and the 
environment. 

This Rl updated the 1986 RI and fiirther characterized 
Area B by summarizing the data collected during this 
investigation with data obtained during previous surveys. -

Identified stabilization and incineration as the preferred 
remedial altematives. 

hivestigation mitiated by BRAC and CERFA to identify 
real property that could immediately be reused and/or 
redeveloped; identified new study areas. 

The interim remedial action consisted of excavating, 
transporting, onsite thermal treatment/solidification, and 
landfilling of 400,000 cubic yards of contaminated soils. 
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Red Water Storage Basui, the Northern and Southem TNT Manufacturmg Areas, the AnUine 
l y Sludge Basm (Study Area 9), tiie Tetryl Manufactiuing Area, tiieiFlashmg Ground (Study Area 16), 

the Red Water Ditch, and the Beaver Pond Dramage System (Study Area 27). Nifroaromatic 
residues were detected in soil and sediment in the TNT manufactiuing areas and the Red Water 
Ditch and were cited as a potentiaL source of groundwater contammation.' Groundwater 
contamination by nifroaromatic compounds was detected m the shallow groundwater beneath the 
TNT manufactiuing areas (ESE 1983). 

The mitial Rl was conducted on ALAAP by ESE using data obtamed on the facility between 
1980 and 1986 (ESE 1986) to identify and fill data gaps identified from the previous envfronmental 
surveys. The study evaluated 15 study areas, including the 8 areas evaluated during the 
envfronmental surveys (ESE 1981, 1983) and tiie Sanitaiy LandfiU and Lead Facility 
(Stiidy Area 3), tiie Old Bummg Ground, tiie Old WeU, tiie Lead FacUity (Stiidy Area 19), tiie 
DemoUtion Landfill (Study Area 22), the Storage Battery/Demolition Debris Area (Study Area 25), 
the Crossover Ditch (Study Area 26), and the Flaker Screen Wash Area. The RI concluded that 
sedunents m the major facility dramages (Beaver Pond, Crossover Ditch, and Red Water Ditch) 
were contaminated with nifroaromatic compounds and surface water concentrations of 
nifroaromatic compounds were detected m the Beaver Pond Drainage System and the Red Water 
Ditch. Consistent with the previous envfronmental surveys, groundwater contamination by 
nifroaromatic compounds m the TNT manufactiuing areas was detected during the mitial RI; SoU 
in the TNT manufacturing areas and the Old Buming Ground contained nifroaromatic residues that 
were associated with the former manufacturing and subsequent demolition activities on ALAAP. 
Extractable lead concentrations were detected at the Lead FaciUty site. Asbestos and fiiable 
asbestos were detected during the study over all areas where buildings were razed and scattered 
during demolition (ESE 1986). 

^ 

A Supplemental RJ was conducted by ESE between 1989 and 1990 to fill identified data 
gaps assbciated wdth the previous site studies. The scope ofthe Supplemental RI was to fiutiier 
quantify the extent of groundwater contamination, assess ecological and human health exposures, 
and revise the project FS. The Supplemental RI evaluated seven study areaSj mcluding the TNT 
manufacturmg areas, the Flashing Ground, the Red Water Ditch, the Crossover Ditch, the Beaver 
Pond Drainage System, and the Area A and B Divide. The supplemental study concluded that 
although groundwater contammation by nifroaromatic compoimds was detected m shallow and deep 
groundwater, significant migration from the sites was not occurring. Nifroaromatic compoimds and 
dissolved lead were not detected during the analysis of groundwater from pubUc supply wells 
diuing the Supplemental RI. Nifroaromatic compoimds were not detected in surface water or 
sedhnent samples from the site drainages (ESE 1993). 

A Characterization Study (ESE 1991c) was conducted in 1991 to assess stockpUed soU tiiat 
was excavated from AreaA and stored m AreaB. hi October 1991, an FS (Weston 1991) was 
completed for tiiese soils and a ROD was issued in December 1991 (Dresen 1991). The ROD 
recommended mcmeration as the preferred altemative. An Interim Record of Decision (IROD) for 

K ^ the Stockpile Soils was approved m April 1994 (Weston 1994a). The IROD identrfied stabiUzation 
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and mcmeration as the preferred remedial altematives. The soUs were excavated, stabUized, and 
transported to BackfiU Area No. 1 in December 1994. 

A CERFA hivestigation was conducted at ALAAP m April 1994 under the BRAC 
envfronmental restoration program, as requfred by Public Laws 100-526 and 101-510 (TETC 1994). 
The associated report identified real property m Area B that could be immediately reused and 
redeveloped. The study also identified six additional areas with environmental concerns that were 
not considered during previous investigations. These areas mclude Buildmg 6 - Coke Oven, a 
transformer storage buUdmg, downed utility poles wdth transformers, a former gas station, UST 
sites, and a fertUizer and pesticide storage building. 

In November 1994, an IROD was approved to remediate soUs, sedunents, and vitrified clay 
pipes (VCPs) m Study Areas 6, 7, 10, and 21. Incuieration was selected as the prunary treatment 
technology with stabUization as the secondary treatment technology, if requfred (Weston 1994a). 

1.4.4 Rl Study Area Descriptions 

Physical descriptions ofthe 19 study areas and 6 CERFA areas mvestigated under the 
ALAAP Supplemental RI are summarized below. Two areas, the StockpUe SoUs and Industrial 
SewerUne System (except for Study Area 8), were not uivestigated under this Supplemental RI 
because remediation activities previously had been conducted or planned under a separate contract. 
The principal findings and analytical results from previous mvestigations also are summarized for 
each study area. The study area locations are shown in Figure 1-7. 

Study Area 2 - Smokeless Powder FaciUty—The majority of the Smokeless Powder 
Facility was located on 74 acres in the Leaseback Area south of Area B. The 1986 RI Report 
(ESE 1986) stated that the buildings associated with the Smokeless Powder FaciUty were 
decontaminated and burned, the equipment was decontaminated and salvaged, and the area was 
transferred back to Kimberly-Clark. During the Exploratory Survey (ESE 1981), zmc and mercury 
were detected above backgroimd concentrations m groundwater. 2,4-Dinitrotoluene (2,4-DNT) was 
detected at 0.15 pg/g hi two sedunent samples located near the outfaUs from the contaminated 
sewers of the Series 237 BuUdings. 2,4-DNT residues also were detected hi soU seunples at a 
maximum concentration of 1.4 pg/g within 30 feet ofa buildmg foundation. 

Stiufy Area 3 - Sanitary Landfill and Lead Facility—The Sanitary LandfiU was located hi 
the west-central portion ofthe current Area B and covered 7.5 acres. The landfiU was used fixmi the 
early 1940s until tiie late 1970s. Accordmg to the Exploratory Survey (ESE 1981), most ofthe fiU 
material was domestic soUd waste and building mbble. During previous investigations (ESE 1981, 
1993), nifroaromatics, polychlormated biphenyls (PCBs), and metals (mercury and lead) were 
detected m the site soU. One sample contained 1.53 pg/g of 1,3,5-trinifrobenzene (1,3,5-TNB), one 
sample contained 0.539 pg/g of nifrobenzene (NB), and two samples contained 0.449 and 1.17 pg/g 
of TNT. Soil samples contamed lead m concentrations ranging from 30 to 11,000 pg/g at a depth of 
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4 mches to 7.5 feet (ESE 1981). Only one sample coUected during tiie RI Survey (ESE 1986) 
contained leachable lead (15.2 pg/g). However, this was attributed to the difficulty m precisely 
determming the location ofthe old lead faciUty because of vegetation overgrowth. Both fiiable and 
Transite asbestos materials were mbced m the landfiU soU. Asbestos contamination is estimated to 
cover 2.5 acres and occupy a volume of 21,580 Cubic yards wdthin the landfill. No organic or 
morganic contaminants were detected m the groundwater; however, trace concentrations of nitrate 
were detected. Nifroaromatic residues were not detected m surface dramages downsfream fcova the 
landfill (ESE 1981). 

Study Area 4 - Manhattan Project Area—The Manhattan Project Area used a portion of 
ALAAP located m tiie \vestem part of tiie GSA Area from 1943 to 1945 (DA 1978). The Manhattan 
Project Area was designed to produce 1,600 pounds (192 gallons) ofheavy water per month, but 
records mdicate that it produced less than 600 pounds (72 gallons) per month (DOE 1989). A total 
of 11,160 poimds (1,338 gaUons) of heavy water were produced from January 1944 through 
July 1945. The heavy water process did not mvolve any radioactive maiterials. In 1945 and 1946, all 
buUdmgs were removed from the Manhattan Project Area except for ope smaU brick buUdmg, 
which was removed in 1995. During the demolition, Transite asbestos was scattered over the area 
(ESE 1993). Lead was detected in two soil samples coUected at 4 inches below land surface (BLS) 
at 50,000 and 300,000 pg/g. Organic bases or nitroaromatics were not detected in the soil samples. 
The groundwater analyzed was not contaminated with organics or morganics (ESE 1981). 

Study Area 5 - Red Water Storage Basin—The Red Water Storage Basin was intended to 
be used as a settUng basm for TNT manufacturing process wastewaters. The basm was located on 
the northem side ofthe Red Water Ditch, approxunately 1,000 feet to tiie westof tiie Southem TNT 
Manufactiuing Area. The basin covered approxunately 9 acres and was surrounded by a 6-foot 
high earthen berm. The dUce and basm floor were constructed of clay. An entry pipe was located at 
the southeast comer and an exit flume was located m the southwest comer of the basm. During 
previous mvestigations (ESE 1981), 2,4-DNT (lO.O pg/L) and cadmium (15.0 pg/L) were detected 
in groundwater samples. 2,6-Dinifrotoluene (2,6-DNT) and TNT were possibly present in the 
groundwater; the concentrations detected were sUghtiy lower than the natural water detection limits 
of 1.3 and 0.41 pg/L, respectively. Nifroaromatics were not detected m the two weUs dovvngradient 
from the Red Water Storage Basm (ESE 1983). A low concentration of TNT (0.14 pg/g) was 
detected m sedunents m the inunediate area of tiie waste mlet (ESE 1981). 

Stutfy Area 6 - Southern TNT Manufacturing Area—^The Southern TNT Manufacturmg 
Area, sometimes referred to as the new TNT area, contamed four TNT production Unes. AU that 
currently remahis of the former stmctures in this area are the roadways and portions of buUding 
foundations. 

SoU samples were coUected during the Exploratory Survey (ESE 1981) and Confirmatory 
Survey (ESE 1983). Maximum concentrations of contaminants detected during these two surveys 
were as follows: 2,4-DNT (0.55 and 16 pg/g), 2,6-DNT (0.8 and 3.3 pg/g), 1,3,5-TNB (I.3I4 pg/g), 
and TNT (2.72 and 7,660 pg/g). Samples also were coUected at the site from soU tiiat had been 
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dredged from the Red Water Ditch and deposited on the edge ofthe study area drainway during 
V ^ 1953-54 renovation activities. Elevated concentiations of TNT (3,000 pg/g), 2,4-DNT 

(0.793 pg/g), and 2,6-DNT (4.84 pg/g) were detected m tiiese soils (ESE 1981). During tiie RJ 
Survey (ESE 1986), extractable lead was detected below'the detection lunit (14 pg/g) at 
2 mches BLS. 

Nitric acid and nifroaromatics were detected m groundwater samples collected during 
previous mvestigations that were lUcely the resuh of past production and nitration operations at the 
study area. Groundwater samples were collected during the Exploratory Survey (ESE 1981), 
Confirmatory Survey (ESE 1983), RI Survey (ESE 1986), and Supplemental RI (ESE 1993). 
During the Exploratory Survey (ESE 1981), particles of nifroaromatic residues of up to 40 mm m 
diameter were found across the surface of the spoil banks and larger pieces were found m the 
manholes in the mdustrial sewer system. Nifroaromatics of concem m the samples coUected diuing 
the Exploratory Survey (ESE I98I) were detected at the followmg maximum concentrations: NB 
(36.1 pg/L), 2,4-DNT (4,340 pg/L), 2,6-DNT (860 pg/L), 1,3-dmifrobenzene (1,3-DNB) 
(466 pg/L), TNT (10,270 pg/L), and 1,3,5-TNB (4,380 pg/L). During tiie Confumatory Survey 
(ESE 1983), tiie maxunum concentiations were as foUows: TNT (22,000 pg/L), 2,4-DNT 
(3,570 pg/L), 2,6-DNT (1,080 pg/L), and 1,3,5-TNB (2,010 pg/L). Maxunum concentiations of 
nifroaromatics detected during tiie RI Survey (ESE 1986) was as foUows: TNT (1,910 pg/L), 
2,4-DNT (299 pg/L), 1,3-DNB (305 pg/L), 1,3,5-TNB (215 pg/L), andNB (58.7 pg/L). Maxunum 
concentrations detected in groundwater samples collected from shaUow monitoring wells during the 
Supplemental RI (ESE 1993) were as foUows: 1,3,5-TNB (3.77 pg/L) and TNT (27.2 pg/L). 
Maximum concentrations detected m groundwater samples collected from deep monitormg weUs 
during tiie Supplemental RI (ESE 1993) were as foUows: 1,3-DNB (2.95 pg/L), 2,4-DNT 
(19.1 pg/L), 2,6-DNT (6.56 pg/L), and 1,3,5-TNB (1.77 pg/L). 

w 

Transite-contaming mbble from buildmg demoUtion is located around or near the buildmg 
foundations. Friable asbestos was found m large pieces along the pipeUnes associated with the 
smdy area buildmgs (ESE 1981). 

Stutfy Area 7 - Northem TNT Manufacturing Area—The Northem TNT Manufacturing 
Area, also known as the old TNT manufacturing area, contamed four TNT production lmes and one: 
DNT production line. This former production area has since been razed. Material was spread over 
a wide area diuing the demolition; only foundations and portions of the sewer system remam. 
Formerly, wastewater from this area was dumped mto the open Red Water Ditch and uito wooden 
flumes, which canied the production wastes to the mdustiial sewers. Nifroaromatics were detected 
in soU and groundwater samples collected during previous mvestigations (ESE 1981,1983,1986). 

Durmg the Exploratory Survey (ESE 1981), tiie followmg maxunum concentrations of 
nifroaromatics were detected m tiie soU: 2,4-DNT (4.67 pg/g), 2,6-DNT (0.233 pg/g), 1,3,5-TNB 
(2.78 pg/g), 1,3-DNB (0.318 pg/g), and TNT (698 pg/g). The foUowmg maxunum concentiations 
were detected m soU samples collected during tiie Confumatory Survey (ESE 1986): TNT 

V ^ (4,250 pg/g), 2,4-DNT (4.96 pg/g), and 2,6-DNT (15.6 pg/g). Extiactable lead was detected m four 
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offive surface soil samples collected during the RI Survey (ESE 1986) at concentrations rangmg 
from 20.7 to 94.4 pg/g. 

Nifroaromatics were detected m groundwater coUected during the Exploratory Survey 
(ESE 1981), Confirmatory Survey (ESE 1983), and RI Survey (ESE 1986). Maxunum 
concentrations detected during the Exploratory Survey (ESE 1981) were as foUows: 2,4-DNT 
(21.0 pg/L), 2,6-DNT (38.7 pg/L), and TNT (74.4 pg/L). TNT also was detected at 140 pg/L m 
water seepmg from a spring unmediately south of weU P-I I. Maximum concentrations (averages of 
dupUcate samples) of TNT (119 pg/L), 2,4-DNT (116 pg/L), and 2,6-DNT (71.1 pg/L) were 
detected during the Confirmatory Survey (ESE 1983). Maxunum concentrations of TNT 
(249 pg/L), 2,4-DNT (296 pg/L), 2,6-DNT (200 pg/L), 1,3-DNB (0.851 pg/L), and 1,3,5-TNB 
(51.2 pg/L) were detected m groundwater samples coUected during the RI Survey (ESE 1986). 

As with the Soutiiern TNT Manufacturing Areaj fiiable asbestos was found along the 
pipeUnes associated witii tiie study area buildmgs (ESE 1981). 

Stutfy Area 8 - Acid/Organic Manufacturing Area—The Acid/Organic Manufacturmg 
Area produced nifrobenzene, concentrated nitric acid, oleum, and sodium sulfite (seUite) to form 
anilme and N-N-dimethylaniline. A former sulfiir buming ph also is located in this area (DA 1978). 
The area currently covers 104 acres. Portions ofthe area have experienced extensive earth^yorks 
that have exposed and mixed both Transite and fiiable asbestos from the former buildings wdth the 
soUs (ESE 1993). The area contaming the asbestos covers 12 acres. Sulfiir residues up to 1 mch in 
diameter were exposed on the ground surface m the sulfiu* storage area (ESE 1981). Previous 
investigations identified an area of 1,615 square feet that is contaminated wdth sulfiir and acid 
wastes. Nifrobenzene (0.53 pg/g) and lead (600 pg/g) also were detected in soU samples and 
lutrite/nitrate was detected m groundwater samples (ESE 1981). No leachable lead was detected in 
the five soil samples collected (ESE 1986). Organics and morganics were not detected m the 
groundwater (ESE 1981). 

Study Area 9 - AniUne Sludge Basin—The Aniline Sludge Basin covers approximately 
5 acres and was used to store liquid wastes and sludges from the production of aniline and oleum m 
the Acid/Organic Manufacturing Area (DA 1978). Wash water from acid tanks was collected in the 
basm between 1967 and 1968. The unlined basm was designed to coUect spillage and some 
wastewater from the southvvest portion ofthe plant and ash from the northem power plant also may 
have been disposed of m the basin. Neutralizmg chemicals were used m the pond to equalize the 
pH. An mdustiial outfaU is located on the westem side of the basm. Although the pond contams 
water year-round, it becomes shallow during the dry season, usually the summer months. No 
contamination was detected in surface water coUected during the Exploratory Survey (ESE 1981). 
2,4-DNT was detected at 2.1 pg/L durhig groundwater monitoring; however, groundwater 
contammation was not detected during confirmatory samplmg (ESE 1983). TNT (0.258 pg/g), 
1,3-DNB (0.300 pg/g), and 1,3,5-TNB (1.97 pg/g) were detected m a sedhnent sample coUected 
where the wastes entered the lagoon. Cadmium, nickel, chromium, copper, and zinc were detected 
in two sediment samples coUected during previous mvestigations (ESE 1981). 
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Study Area 10 - Tetryl Manufacturing Area—:The Tetryl Manufacturing Area consisted of 
\ ^ Yl manufacturing lmes where tetryl was produced in a two-step process by first sulfonatmg 

N,N-dhnethylaniline and then nitrating the resultmg intermediate. Extensive amounts of lead were 
used m tiie pipmg, floors, and fittmgs of tiie nitiation houses (ESE^1981). The buildmgs have been 
razed and all that remahis of each Une are the concrete buUding foundations. Earthworks have 
scattered both fiiable and Transite asbestos associated with the buildings over the study area. The 
current mvestigation area covers 98 acres. During tiie histallation Assessment (DA 1978), 
explosives material was recovered from tiie soil surface (DA 1978). Lead (30 to 2,000 pg/g) and 
tetryl (0.708 to 13,600 pg/g) were detected in soil from the Tetryl Manufacturmg Area during the 
Exploratory Survey (ESE 1981). Leachable lead was detected m two offive soU samples coUected 
during tiie RI Survey at 24.3 and 2,338 pg/g (ESE 1986). Diphenylamme (82.5 pg/L) and tetryl 
(8.2 pg/L) was detected m the groundwater samples collected during the Exploratory Survey 
(ESE 1981). Nifroaromatics, mcludmg tetryl (maximum concentration of 38.4 pg/L), was detected 
m a weU installed during the Confirmatory Survey (ESE 1983). A sample coUected from this same 
well during the RI Survey (ESE 1986) also contamed tetiyl (72.8 pg/L). No contaniination was 
observed m the groundwater samples collected from the other wells during the Confirmatory Survey 
(ESE 1983). 

Study Area 16 - Flashing Ground—The Flashmg Ground covers 16.5 acres and consists of 
frenches that were used after World War II to bum combustible trash and explosives materials. 
Previous soU sample results (ESE 1981) identified lead up to a depth of 3 feet 

1 ) (maxunum concentiation of 1,900 pg/g), TNT (< 37 to 2,350 pg/g), 2,6-DNT (< 102 to 757 pg/g), 
2,4-DNT (< 112 to 1,870 pg/g), 1,3,5-TNB (< 386 to 3,920 pg/g), and tefryl (< 0.257 to 6.62 pg/g). 
2,4-DNT was detected m samples (ESE 1993) coUected from one existing deep monitoring weU 
(0.885 pg/L) and one new deep monitoring well (1.07 pg/L). 2,4-DNT was detected at 3.6 pg/L m 
the sample collected from the existing well during the Exploratory Survey (ESE 1981). TNT was 
detected at 0.085 pg/L m a sample from this same weU during the initial RI (ESE 1986), which was 
below tiie detection Ifrnit for tiie Supplemental RI (ESE 1993). Total lead was detected m aU 
groundwater samples at concentrations ranging from 4.0 to 32.2 pg/L.. Dissolved lead, detected in 
8 of 10 monitoring weUs sampled, ranged m concentration from less than 1.3 to 12 pg/L. No 
contamination was detected in the surface water or sedunents (ESE 1981). 

Stutfy Area 17 - Propellant Shipping Area—A records search conducted as part of the 
Installation Assessment (DA 1978) identified an old farm well tiiat was constiiicted before the 
U.S. Army acquired the land m tiie area ofthe Propellant Shippmg Area. It was reported that the 
weU was used to dispose of mert material. The Exploratory Survey (ESE 1981) identified tiiis area 
as the Propellant Shippmg Area. Forty-eight shippmg houses located in this area were used to store 
smokeless propeUant prior to shipment. Thfrteen of the 48 shippmg buildmgs are located on land 
that previously was sold as part of Area A (ESE 1981). 

Thfrty-five buildings remammg m Study Area 17 were spot tested for the presence of NC 
and nifroaromatic residues; 84 percent ofthe spot tests were positive for NC. One saniple contamed 
139 pg/g of NC. One test mdicated the presence of nifroaromatic compoimds (ESE 1981). 
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Contammation may have resulted from debris swept from the floor ofthe buUdings onto the ground 
surface and frorn spiUs and breaks during the storage and shipping process. AU buUdings were 
covered witii Transite shmgles, but no fiiable asbestos was found (ESE 1981). Of tiie 24 soU 
samples coUected, one sample contamed low concentrations of NC and one sample contained 
2,4-DNT (0.37 pg/g) (ESE 1981). The current stiidy area covers 126 acres; 

Study Area 18 - Blending Tower Area—The Blending Tower Area was the area where 
smokeless powder was mixed to make it more homogeneous. During the blendmg operation, the 
powder was pneumaticaUy moved to an upper bm and then dropped over an umbreUa mto a lower 
bm. This procedure was repeated twice (DA 1978). Historical site drawings mdicate that the 
Blendmg Tower Area may have been south of the present instaUation boundary m the southem 
portion of Area B. The current Study Area 18 is believed to be part ofthe PropeUant Shippmg Area 
for the smokeless powder and has not been uivestigated prior to the present investigation. One soU 
sample collected during tiie Exploratory Survey (ESE 1981) contamed 56 pg/g of NC (barely above 
the detection limit m soU); however, no nifroaromatics or organic base residues were detected. 
Transite asbestos was located around tiie foundations ofthe destroyed buildmgs (ESE 1981). 

Stutfy Area 19 - Lead FacUity—The Lead Facility was used during the ALAAP production 
years for pouring lead mgots (DA 1978). At tiie tune of the Exploratory Survey (ESE 1981), 
numerous large pieces of lead, some weighing several pounds, were identified on the soU surface in 
this area. Boulders containing lead cobbles were observed on the groimd surface during SAIC's RI 
field reconnaissance. Sparse and stressed vegetation also was observed. Elevjated concentrations of 
lead (up to 8,700 pg/g) were detected m soil samples collected during the Exploratory Survey 
(ESE 1981) at 4 mches BLS from the soil surface. A maxunum lead concentration of 15,000 pg/g 
was detected m a slag pUe outside the fence at 4 mches BLS from the soU surface. Leachable lead 
concentrations ranged from 15.9 to 7,692 pg/g (depths ranghig from 0.4 inches to 4.5 feet) and was 
detected hi aU soU samples coUected (ESE 1986). 2,4-DNT was detected m one monitoring weU at 
3.6 pg/L (ESE 1981) and TNT was detected at 0.092 pg/L (ESE 1986). No contammants were 
detected in surface water or sedunents (ESE 1993). The current study area covers 2.6 acres. 

S t u ^ Area 20 - Rifle Powder Finishing Area—Lunited mformation is avaUable on the 
history of the Rifle Powder Finishing Area. The Exploratory Survey (ESE 1981) activities 
conducted at the study area included a visual asbestos survey and lunited soU samplmg. Elevated 
concentrations of 2,4-DNT (0.639 to 6.095 pg/g) and mercury (1 pg/g) were detected in soU 
samples analyzed during the Exploratory Survey (ESE 1981). During the asbestos survey, Transite 
asbestos was found around all building foundations and scattered throughout the area. Friable 
asbestos was found along all former steamlme routes. Asbestos-contauung material was identified 
covering an estimated area of 29.6 acres: The current study area covers 42 acres (ESE 1981). 

S t u ^ Area 21 - Red Water DUch—The Red Water Ditch canied the mdustiial process 
wastewaters produced by the manufacture of TNT and coUected mdustrial process wastes and 
surface runoflF from the Acid/Organic Manufacturing Area and the Tetryl Manufacturing Area 
(DA 1978). As mitially constmcted, the ditch extended from the westem side of the Tetryl 
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Manufacturing Area through the Northem and Southem TNT Manufacturing Areas. Industiial 
\ ^ wastes generated m the Acid Organic Manufacturing Area were discharged mto the ditch 

unmediately east ofthe Northem TNT Manufactiuing Area (near the fonner Buildmg 806C). The 
areas that drained to the Red Water Ditch were mvolved m the pî oduction of acids (sulfiuic and 
lutric), organics (DPA, anihne, and N,N-dunethylanilme), and explosives and thefr process 
byproducts (TNT, DNT, and tetryl). Other organics and inorganics (benzene, toluene, sodium, 
sulfite, sodium carbonate, and elemental sulfiu-) also were stored m these areas that fed tiie Red 
Water Ditch. 

The Red Water Ditch was constmcted with steep sides and varies from approxunately 3 to 
10 feet Ul depth. The ditch crosses other drahiage systems through clay pipelmes. The ditch 
contains flowing water only during seasonal wet periods. During dry periods, usually the summer 
months, the ditch contams water m varied locations. The ditch was cleaned at least once smce its 
original constmction. Sedunents dredged from the ditch during the cleaning operations were 
deposited along the banks ofthe ditch. The Red Water Ditch drainage system carries 17 percent of 
the surface water at ALAAP, ultimately dischargmg mto the Coosa River (ESE 1981). 

The Exploratory Survey (ESE 1981) concluded tiiat surface waters m tiie Red Water Ditch 
were contaminated with nifroaromatic compounds at pomts where the ditch traverses the Southem 
and Northern TNT Manufacturing Areas. 2,4-DNT was detected at concentrations ranging from 
3 to 3.7 pg/L. In addition, lead was detected during the Exploratory Survey (ESE 1981) at two 
sampling locations (50 and 52 pg/L). Water in the middle section of the Red Water Ditch was 
contaminated wdth low concentrations (all below 15 pg/L) of 2,4-DNT, 2,6-DNT, and TNT. DPA 
was detected immediately downsfream from the main Acid/Organic Manufacturing Area discharge 
point. Asbestos fibers also were found in the surface water. TNT was detected m all soU samples 
collected during the RI along the spoU banks, with concentrations rangmg from 0.665 to 22,000 
pg/g. Individual pieces of TNT also were found m the spoil banks. The soil samples collected from 
tiie spoU banks during tiie RI Survey (ESE 1986) also contamed 2,4-DNT (0667 pg/g was detected 
m one sample), 1,3-DNB (0.221 and 7.70 pg/g), and 2,6-DNT (0.15 and 5.87 pg/g). Leachable lead 
also was detected at concentrations of 64.4 and 2,733. pg/g. TNT (17-6 pg/g), 2,4-DNT (5.7 pg/g), 
2,6-DNT (1.85 pg/g), NB (50.9 pg/g), tetiyl (1.2 pg/g), and lead (223 pg/g) were detected in 
sedhnent samples collected from the Red Water Ditch (ESE 1981). Above the pomt where the Red 
Water Ditch crosses the Crossover Ditch, maxunum concentrations ofthe following chemicals were 
detected m tiie sedunents: TNT (17.6 pg/g), 2,4-DNT (5.7 pg/g), tetiyl (1.2 pg/g), and lead 
(223 pg/g). Nifroaromatics or organic compounds were not detected below the crossmg pomt 
(ESE.I98I). TNT was detected at 0.880 pg/g at tiie pomt where tiie Red Water Ditch leaves tiie 
mstallation; TNT also was detected at a concentiation of 0.184 pg/L where, tiie Red Water Ditch 
leaves tiie Soutiiern TNT Manufacturing Area (ESE 1986). Lead and explosives m the sedunents 
were remediated fixim portions of tiie Red Water Ditch m 1995 (Weston 1995b).. 

The Supplemental Rl results (ESE 1993) mdicated tiiat no nifroaromatic compounds or 
tetryl were detected m the surface water or sedunents. 

V̂ 

W^ 
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Stiufy Area 22 - Demolition LandfiU—The Demolition Landfill, located near the Flashing 
Ground, consists ofa semicfrcular landfiU in a swale extendmg approxunately 500 feet along Pafrol V J 
Road. Rubble from demoUtion activities was dumped in a 50-foot-wide semicfrcle around the edge 
of the swale to an average depth of approxunately 7 feet. Several hundred pounds of lead m the 
form of sheets, wire, and pipe were found during the Exploratory Survey (ESE 1981) on the surface 
at this site. Large amounts of cast fron, stamless steel fittings, aluminum, Transite, and other mbble 
were found partiaUy buried by concrete and earth. Friable asbestos also was distributed hi the soU 
of this area. In samples coUected during the Exploratory Survey (ESE 1981), lead and tetryl were 
detected (> 354 and 0.6 pg/g, respectively) hi the first sample; m the second sample, lead and tetryl 
(2,160 and 0.55 pg/g, respectively), and polynuclear aromatic compounds (PNAs) were detected. 
Leachable lead concentiations m the surface soU ranged from 77.9 to 1,538 pg/g (ESE 1986). The 
current study area consists of 1.8 acres' 

Studly Area 25 - Storage Battery/Demolition Debris—Study Area 25 was identified during 
the June 1985 site visit conducted as part ofthe RI (ESE 1986). Inspection ofthe disposal site 
mdicated the presence of mbble and at least 20 heavy-duty lead-acid battery casmgs. The casmgs 
consisted of approxhnately 30 pounds of lead components m a glass casing. Along with the 
batteries, three mercury switches, each containmg 3 to 4 miUiUters of Uquefied mercury metal, were 
observed. No mercury was detected in the nine soil samples coUected during the RI Survey 
(ESE 1986); however, lead was detected m the surface samples at a maxunum concentration of 
118 pg/g. Nitroaromatic compounds, tetryl, or priority pollutants were not detected m the soU 
(ESE 1986). Low concentiations of lead (15.0 pg/L), zmc (27.4 pg/L), and tiiaUium (57.1 pg/L) , , 
were detected m one groundwater sample. The disposal site covers 2.4 acres located in a steep, ^"^^ 
overgrown ditch that periodically is flooded by water from the Coosa River. 

Study Area 26 - Crossover DUch—The Crossover Ditch drams surface waters fi^m the 
Leaseback Area, the Rifle Powder Finishing Area, part of the northem and aU of the southem 
portions ofthe Propellant Shipphig Area, the southern portion of the Southern TNT Manufacturing 
Area, and the Sanitary Landfill and Lead Facility. Two beaver dams have been constmcted on the 
Crossover Ditch—a smaU dam immediately east of the Series 223 Buildmgs and a larger dam south 
of the Southem TNT Manufacturing Area. 

Although the Crossover Ditch drains areas that produced NC and smokeless powder, the 
ditch also passes adjacent to other study areas on ALAAP and contaminants from other sources may 
enter the dramage. Other identified potential sources of contaminants included the coal pUe at the 
Kimberly-Clark power plant, the Sanitary LandfiU and Lead FacUity, the pipe flashing area 
unmediately east of Study Area 3, and the large mdustrial waste reservofr on Kimberly-Clark land 
dfrectiy soutii of tiie Rifle Powder Fmishmg Area (ESE 1981). The Crossover Ditch is estimated to 
collect and discharge approxunately 25 percent of the surface waters generated on or adjacent to 
ALAAP property mto tiie Coosa River (ESE 1981). 

During the Exploratory Survey (ESE 1981), lead, cadmium, copper, and zmc were detected 
m surface water samples collected from the Crossover Ditch. The upper reaches of the Crossover I ^ 
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Ditch, which flow through the Smokeless Powder FaciUty, contained an fron oxide filin on the 
y ^ water surface and fron stammg ofthe sediments and aquatic vegetation due to the impact ofthe coal 

pile. Explosives-related contaminants were not detected. Asbestos fibers were found in the surface 
water. Nifroaromatic compounds 6r tetryl were not detected in thesurface wiater samples coUected 
during the Supplemental RI (ESE 1993). Analysis of sediment samples showed residues from coal 
pile runoff m the upper reaches and evidence of coal pUe particulate runoflF throughout! Sedunents 
collected during the Exploratory Survey (ESE 1981) downsfream from the Smokeless Powder 
Manufacturmg Area and Rifle Powder Fmishmg Area contamed 2,4-DNT (0.14 to 2.5 pg/g) and 
2,6-DNT (0.179 to 0.372 pg/g). Although the concentrations of contammants decreased 
downsfream, 0.992 pg/g of 2,4-DNT was detected m sediments where the Crossover Ditch leaves 
the mstallation (ESE 1986). Based upon previous studies, the nifroaromatic and organic based 
residues appeared to be hnmobilized m the sedunents (ESE 1993). 

Study Area 27 - Beaver Pond Drainage System—The Beaver Pond Dramage System 
flows west between the Southem and Northern TNT Manufacturing Areas and derives its name 
from two large beaver ponds that affected the original dramage system. The drainage originates 
m undeveloped areas south and east of the Tetryl Manufacturing Area. Potentially contammated 
surface runoff in the Beaver Pond Drahiage System originates from the southem end of the 
Tetryl Manufacturing Area and the shipphig houses in the Propellant Shippmg Area. Some 
surface drahiage from the Acid/Organic Manufacturing Area, the Tetryl Manufacturing Area, 
and the Northem TNT Manufacturing Area enters the Beaver Pond Drainage System 

. , (ESE 1981). 

Surface water sampUng conducted duruig the Exploratory Survey (ESE 1981) indicated 
potential contamination at one location m the drainage system—the groundwater seepage m the 
Northern TNT Manufacturing Area, where TNT was detected m the sample. TNT was only 
detected m tiie spring at 140 pg/L (ESE 1981). 2,4-DNT and NB were detected m a sediment 
sample in the Northem TNT Manufacturing Area at 0.71 and 0.56 pg/g, respectively (ESE 1981). 
1,3,5-TNB was detected at 0.68 pg/g m a sedunent sample collected near the mstaUation 
(ESE 1981). Nifroaroihatic compounds or tetryl were not detected m the surface water or sedunents 
coUected from the Beaver Pond Drainage System or the Coosa River at the confluence witii tiie 
Beaver Pond Drainage System (ESE 1993). Asbestos fibers also were found m samples collected m 
the drainage system (ESE 1981). 

Stockpile Soils—Structures TC4A and TC4B contahied contamhiated soil that was 
excavated between 1986 and 1987 fixim AreaA and stockpiled m Area B pendrng mcmeration. 
These soUs are referred to as the Stockpile Soils. TC4A was a buUdmg, and TC4B is a 
membrane-covered concrete storage pad. In Febmary 1990, a tornado demolished Buildfrig 
TC4A. Soils from the demolished buildmg were added to stiucture TC4B and secured with a 
membrane Imer. hi Febmary 1991, an FS Conducted for the StockpUe Soils area concluded that 
explosives, lead, and asbestos contamhiation were present above regulatory lunits. The selected 
remedy for the Stockpile Soils area was to tiiermally freat and dispose of tiie soU onsite 

ŵ̂  
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(ESE 1987). Since mcmeration ofthese soils has occurred, investigation of this area was not 
conducted as part of the current study. 

Industrial SewerUne System^The Industrial Sewerlme System (ISS) for the entfre ALAAP 
facility was mvestigated during the Exploratory Survey (ESE 1981). In Area B, tiie mdustiial 
sewerimes totaled approxhnately 32,500 feet m lengtii, of which approxunately 31,000 feet remam 
buried. The RI (ESE 1986) defined the nature and extent of contammation witiim tiie ISS m tiie 
four fonner, production areas: the Soutiiern TNT Manufacturing Area, Nortiiem TNT 
Manufacturing Area, Acid/Organic Manufacturing Area, and Tetryl Manufacturing Area. SoU, 
water, and sedunent samples coUected during the RI from within the surface dramage areas ofthe 
ISS identified varymg concentrations of nifroaromatic compounds. Roy F. Weston, Inc. was 
contracted to excavate and remove the system from the site at Study Areas 6, 7, and 10; therefore, 
no hivestigation was conducted at the Study Area 6, 7, and 10 portions of the ISS as part of the 
Supplemental RI. 

1.4.5 CERFA Study Area Descriptions 

A CERFA mvestigation was conducted by Earth Technology Corporation in 1994. The 
CERFA investigation identified previously uninvestigated areas on ALAAP that required additional 
mvestigation. The foUowdng paragraphs summarize the status and history of the CERFA sites that 
were mvestigated as part of tiie current Supplemental RI/FS. The CERFA sites are shown m 
Figure 1-8. 

BuUding 6 - Coke Oven—A concrete-covered pit of imknown dimensions was located next 
to BuUding 6 - Coke Oven. The CERFA report identified the pit as a former buming pad where 
transformer oU was poured onto copper wire to bum off the insulation covering the wfre 
(TETC 1994). It is unknown whether the transformer oil contained PCBs. The concrete pad is stiU 
present; however, the pit is not visible. 

Transformer Storage Buildings—The CERFA report stated that tiansformers likely had 
been stored at one time behind BuUdmg 2240 (an mstrument shop). Evidence of sfressed vegetation 
that would mdicate a release was not noted during the visual inspection of the area. The CERFA 
report also stated that a leakmg transformer was stored in BuUdmg 2180, part of the Manhattan 
Project Area, and was removed m 1987. When demoUtion activities began m Area A m 1973-74, 
the contractor stored transformers removed fix3m Area A m Buildmg 2180. When the transformers 
were removed, contiactor cleanup activities consisted of throwing absorbent on any Uquids present. 
In addition, old transformers that were stored behind BuUding 708A (a cafeteria) have been 
vandalized (TETC 1994). 

Downed UtiUty Poles wtih Transformers—During the CERFA visual mspection, a downed 
UtiUty pole was noted that had blackened soil and an area of bare vegetation around the broken 
tiansformer (TETC 1994). Numerous fonner tiansformer sites withm Area B were identified 
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during the CERFA hivestigation. None ofthe transformers had been tested for PCB contamination. 
Twenty-seven poles were identified. Locations ofthe 27 utUity poles were assigned a number that 
corresponds to the closest buUdmg. A Ust ofthe downed poles is provided below: 

708A—Three utUity poles on the north side 
703 E—Two UtiUty poles on the northwest portion 
703 A—Two utiUty poles on the southwest and one on the southeast portion 
2240—Eight utility poles on the south side 
2170—One utility pole on the southeast and two on the south side 
704Y—Three UtUity poles on the north side 
717A—Two utiUty poles on the northeast and one on the southwest portion 
715C—One utUity pole on the southeast portion 
227D—One utility pole on the north side. 

Underground Storage Tanks—The CERFA report identified two 12,000-gaUon USTs that 
were removed m 1993: one UST was located near Buildmg 302B (Ammonia/Oxidation Plant) and 
one near Builduig 715C (a flammable materials storehouse). One ofthe USTs contained gasolme 
and the other contained diesel fuel; h is uncertam which UST contained diesel or gasoUne 
(TETC 1994). During the cunent field mvestigation, a thfrd potential UST site was observed at the 
southem end of Area B m the vicmity of Buildmg 720D. 

Fertilizer andPesticUe Storage BuUding—The CERFA report identified BuUdmg 223B as 
an area that was used to store fertilizers and pesticides. It was leased approximately 20 years ago 
from the U.S. Army by the Parker Fertilizer Company in Sylacauga, Alabama for pesticide storage. 
By 1991, the contents ofthe buildmg were removed prior to initiation of demolition activities at 
ALAAP. No releases associated with this builduig have been reported (TETC 1994). 

Gas Station—The CERFA report (TETC 1994) identified a potential gas station located m 
Area B, Building 724E was reported by an Inventory of Military Real Property as a gas station 
without a buUdmg (i.e., pump stations). The only uiformation avaUable on the gas station stated that 
tiie USTs associated witii tiie stations were mstalled m 1942. All USTs reportedly have been 
removed. 

1.4.6 Site Remediation Activities 

As a result of the 1994 IROD, Roy F. Weston operated a freatment system at ALAAP for 
solids that were contaminated with hazardous materials at Study Areas 6, 7, 10, and 21. The system 
hicluded a fransportable hicmeration system (TIS) to freat explosives-contammated soUds and a 
StabUization process to freat solids contammated with metals. Area B soils and sedunents from 
Stiidy Areas 6,7,10, and 21 were freated as a resuh of tiie 1994 IROD (Weston 1994a). 
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The locations of contammated soU removed from Study Area 6 included soU sunounding 
the tri-nitration house, the wash house, and the pipelmes and open ditches associated with the sewer 
system leadmg to the Red Water Ditch. A total volume of 27,703 cubic yards of contammated soU 
(>100 parts per mUlion [ppm] explosives) were removed from Study Area 6 (Weston 1996a). 
Contammated soUs were removed from Study Area 7 (17,120 cubic yards; > 100 ppm explosives) m 
manufacturing and production areas sunUar to Study Area 6; however, soil also was removed near 
the recovery house and mono-nitration house along one line (Weston 1996a). Sediment was 
removed m Study Area 21 (16,083 cubic yards; > 100 ppm explosives) primarily from outfall areas 
associated with Study Areas 6 and 7 (Weston 1996a). Study Area 21 requfred a considerable 
amount of sedhnent removal due to the extent of contamination. SoU was removed fixim the tetryl 
lmes formerly located in Study Area 10 (13,034 cubic yards; >2,000ppm explosives) 
(Weston 1996a). Specific locations of soU removal included the refining and nitrating houses and 
tiie open ditches leadmg to tiie Red Water Ditch (USACE 1999). 

As of Febmary 1999, approximately 68,627 cubic yards of explosives-contaminated soU and 
sedunent were excavated from Study Areas 6, 7, 10, and 21 and mcmerated (USACE 1999). hi 
addition, at Study Areas 6, 7, and 10, approximately 14,000 Imear feet of encased contammated 
mdustrial sewer system was deactivated and decontaminated (Weston 1996d). Approximately 
5,800 linear feet of un-encased contaminated industrial sewer system was deactivated, excavated, 
and decontammated or mcmerated (Weston 1996d). 

As a result of SAIC's Supplemental RI, additional areas of contaniinated soU were identified 
and remediated m several study areas (SAIC 1996a). Other remedial actions were conducted as a 
result of recommendations presented hi the Draft Fmal RI Report (SAIC 1996a). These remedial 
actions are discussed below. 

In 1996, Roy F. Weston prepared an IROD for the remediation of soUs at Study Areas 2, 10, 
16, 17, 19, and 22 (Weston 1996c). This IROD was prepared so that contaminated soils could be 
remediated at the time when Roy F. Weston was operatmg the TIS and stabilization system. 
Several smaU areas (i.e., "hotspots") of explosives-contaminated soils were identified by SAIC 
within Study Areas 2 and 17 (SAIC 1996a). The soils were located, excavated, and incmerated by 
Roy F. Weston m the TIS system. 

Explosives (primarily TNT and 2,4-DNT) and lead contammated soUs at Study Areas 16 
and 19 were identified during the Supplemental RI (SAIC 1996a) and included for remediation m 
the 1996 IROD (Weston 1996b, 1996c). The soils were present m areas that were used for bummg 
and flashing combustible trash and explosives materials (Study Area 16) and for pouring lead mgots 
(Study Area 19). All soils that contained explosives and lead above the appUcable criteria were 
divided mto grids, excavated, transported, and mcmerated by Roy F. Weston m the TIS system. 
The criteria used for excavation of soils are provided hi Table 1-3 (Weston 1996c). Tested 
incinerator ash with high lead concentrations was stockpiled for future soUdification and 
StabUization. SoU from grids contammg orUy lead contammation was temporarily left m place. AU 
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excavated areas were backfilled with uncontaminated bonow soils and graded to pre-excavation 
contours. 

Table 1-3. Excavation Cleanup Goals 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Compound/ 
Analyte Class 

Explosives 

Metals (total) 

Compound/Analyte 

1,3-DNB 
2,4-DNT 
2,6-DNT 

TeUyl 
1,3,5-TNB 

TNT 

Lead 

Criteria 

> 1 ppm 
>356 ppm 
>356 ppm 

>5,000 ppm 
>36.7 ppm 

>348 
>400 ppm 

Source: Roy F. Weston 1996c 

A total of 14,444 cubic yards of TNT-contaminated soils were excavated from Study Areas 
2, 16, 17, and 19 and incinerated in the TIS system operated by Roy F. Weston. This work is 
complete and a draft closure report is pendrng (USACE 1999). 

Subsequent to the Roy F. Weston effort. Environmental Chemical Corporation (ECC) 
performed additional remediation of soils at Study Areas 16 and 19. The remaining lead-
contaminated soils were excavated and freated by stabilization using an onsite pugmill. ECC used 
an excavation criteria for lead of 300 ppm. Any remaining stockpiled incinerator ash v̂ dtii high lead 
concenfrations also was freated in the onshe pugmill. A total of 1,500 cubic yards of lead-
contaminated soils were excavated by ECC and stabilized using the pugmill freatment unit (USACE 
1999). The Closure Report for Study Areas 16 and 19 is pending. Incinerator ash and stabilized 
soils from Area B were disposed of m landfill cells located within Smdy Area 8. Cells 1 through 8 
are completed. Closure Reports are pending (USACE 1999). 

Study Area 22 also was identified as an area that required remedial action in the Draft Final 
Rl Report (SAIC 1996a). The Draft Fmal Feasibility Stiidy (SAIC 1996b) recommended capping 
of this landfill to prevent ftiture disturbance ofthe buried material or infilfration. The landfill was 
capped and work is completed. The Closure Report is pending (USACE 1999). 

The tar-like substance at Smdy Area 9 and the sediments beneatii tiie tar identified during 
tiie Supplemental RI (SAIC 1996a) also have been remediated. A Draft IROD was prepared tiiat 
addressed tiie tar-like material at Study Area 9 (Weston 1996b). Excavation cleanup criteria for 
organic compounds and metals were presented m tiie Draft IROD. In Febraary 1999, ECC 
excavated tiie tar and contammated sediments from tiie Aniline Sludge Basin (ECC 1999). A total 
of 3,063 cubic yards of material was excavated and landfilled. The excavated area was backfilled, 
compacted, and seeded. The Closure Report is pendrng (USACE 1999). 
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Following completion of the Phase 1 Supplemental RI, a recommendation was made to 
remediate PCB-contaminated soils present near several dovmed utility poles with transformers. 'v 
Excavation and disposal of the soils was conducted and a Cloisure Report is pending (USACE 
1999). 
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2. ENVIRONMENTAL SETTING 

Information regarding the physical characteristics of the envfronment in the vicinity of the 
Alabama Army Ammunition Plant (ALAAP) is provided m this section. The uiformation used to 
characterize the physical settmg uicludes demographics and land use, physiography, topography, 
climate, geology, hydrogeology, hydrology, vegetation, and wildlife. 

2.1 DEMOGRAPHICS AND LAND USE 

ALAAP is located m northeastem Alabama, m Talladega County, approxunately 40 miles 
east-soutiieast of Bfrmmgham and 70 miles nortii of Montgomery, Alabama. The town of 
Childersburg is located 4 miles soutii of tiie site. ALAAP was established hi 1941 on 13,233 acres 
of land near the junction of the Coosa River and Talladega Creek. The area mcluded m the present 
study (Area B) consists of 2,187 acres adjacent to tiie Coosa River. ALAAP is bounded by Little 
Blue Creek to the north, the Coosa River to the west, and Talladega Creek and a pulp miU to the 
south. Property formerly owned by the U.S. Army (Area A), and presentiy established as a game 
preserve, bounds Area B to the east. 

The majority of Area B was cleared when the original faciUty was constmcted. A woodland 
management plan was mstituted after cessation of operations that aUowed for the plantmg of 
3,411 acres of confrolled pme forest. Logging operations have continued smce the facility was 
closed hi 1973 and numerous loggmg roads are present onsite (ESE 1981). The facility is presentiy 
hi confroUed access, caretaker status v^th numerous interior paved roads, warehouses, raifroads, 
bridges, and processmg and storage facilities that are in various states of demolition and/or 
disrepafr. The site area is heavily vegetated and many of the remaining plant facUities are 
overgrown and obscured by the vegetation. 

There is no resident population on Area B of the faciUty and all military operations at 
ALAAP have ceased. The population ui TaUadega County as ofthe 1990 census was 74,107 
(CCC 1990). The population has remahied fafrly constant since 1960. The population decreased by 
1 percent from 1960 to 1970 and mcreased by 5 percent from 1970 to 1980. From 1980 to 1990, 
population growth decreased by 10 percent (to a population of 74,107) (ESE 1996). The population 
hi tiie city of Childersburg as ofthe 1990 census was 4,780 (CCC 1990). The population wdtiim a 
10-, 20-, and 30-mile radius of Childersburg as of the 1990 census was 32,970, 89,604, and 
440,279, respectively (CCC 1995). 

According to the Talladega Chamber of Commerce, no plans for developmg tiie ALAAP 
site have been made. A total of 128 acres of land north of ALAAP have been converted mto an 
mdustiial park. The soutii end of State Road 280 and tiie area along U.S. Highway 231/280 have 
been developed industiially (ESE 1996). A pulp mill, owned and operated by Alliance Forest 
Products, hic. (previously Kimberiy-Clark Corporation), borders Area B of ALAAP to the south 
and is the largest employer in the area (CCC 1990). This is the closest industiial activity to the site. 
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Other major employers m Childersburg mclude the Avondale textUe nuUs, White Knight Hospital 
Disposables, and Prince Island Apparel (IDBC 1997). No zonmg restrictions are found m the 
ALAAP area. 

2.2 PHYSIOGRAPHY AND TOPOGRAPHY 

ALAAP lies withm the Coosa Valley district of the Valley and Ridge physiographic 
provmce m Alabama. The physiographic provmces of Alabama are shown m Figure 2-1. The 
border between the VaUey and Ridge provmce and the Piedmont province occurs approximately 
100 miles south of the facility. 

An aerial survey and topographic mapping were conducted for Area B as part ofthe cunent 
Remedial Investigation (RI). The topographic map generated from the aerial survey is shown m 
Figure 2-2. The ground surface elevation at ALAAP ranges from approxhnately 410 feet above 
mean sea level (msl) near the Coosa River to more than 500 feet msl in the eastera portiori of Area 
A (USGS 1958 and 1972). The majority of Area B is located m tiie lOO-year floodplam of tiie 
Coosa River. Surface topography over the former production areas on Area B is relatively flat with 
topographic relief of 20 feet between the Coosa River to the west and the Tetryl Manufacturing 
Area (Study Area 10), Propellant Shippmg Area (Study Area 17), and Blending Tower Area 
(Study Area 18) to the east. Surface topography east of Study Areas 10, 17, and 18 ranges from 
elevation 430 feet msl to elevation 520 feet msl with topographic relief of 90 feet. The Flashing 
Ground (Stiidy Area 16), Lead Facility (Stiidy Area 19), and DemoUtion LandfiU (Stiidy Area 22) 
and portions of Study Areas 10, 17, and 18 are located in this area of higher relief The original site 
topography was modified to accommodate farmhig activhies prior to the ALAAP faciUty 
constmction m 1941 and was altered substantially during site constmction and plant operation. 

ALAAP is drained by several naturally occurring, westward-flowing sfreams that Ue outside 
the current site boundaries (i.e., Talladega and Little Blue Creeks) and by two manmade.drainage 
ditches (Crossover Ditch [Study Area 26] and Red Water Ditch [Smdy Area 21]). Standing water 
bodies were not present on the faciUty during ALAAP's active operation period; however, smce the 
plant demolition activities m 1973, damming activities by the beaver population have resulted hi the 
creation of two major beaver ponds. Several marshy areas also have been created as a result ofthe 
pondmg water. The majority of the surface runoff from Area B drams to the west/southwest mto 
the Coosa River. The primary sfreams and thefr associated drainages and the estimated percentage 
of Area B that they drain hiclude: Talladega Creek, 18 percent; Little Blue Creek, 12 percent; Red 
Water Ditch, 17 percent; Crossover Ditch, 25 percent; and Beaver Pond Drahiage System, 
25 percent (SAIC 1995a). 

2.3 CLIMATE AND METEOROLOGY 

The town of ChUdersburg is located m north-central Alabama m the foothiUs of the 
Appalachian mountains, approximately 300 mUes irUand nortiieast from the Gulf of Mexico. 
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Figure 1. Physiographic provinces ofAlabama. 
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Weather patterns are mfluenced by a series of southwest to northeast frending valleys and ridges 
'̂ >^^ that are associated with the Appalachian mountams. Although the town of Childersburg is far 

enough mland to be protected from fropical hurricanes, the Gulf of Mexico has a pronounced effect 
on tiie clunate (NOAA 1993). 

Average daily temperatures tiu-oughout tiie year hi TaUadega County range from 50° to 
75 °F. Summer temperatures generaUy range from approxunately 70°F at sunrise to 90°F durmg 
the aftemoon. Extended heat waves with temperatures exceedmg 100°F have been recorded every 
few years. The highest temperatures are recorded m June, July, and August, which are also tiie most 
humid montiis. Whiters are generaUy mild, witii mid-December through mid-Febmary bemg tiie 
coldest period. Temperatures below 32 °F occur approxunately 60 days per year, primarily m 
December and January (NOAA 1993). 

Measured ramfall is fafrly well-distributed throughout tiie year. The 30-year average annual 
precipitation is 57.38 mches per year (NOAA 1992). The current 5-year annual average 
precipitation is 54.05 mches per year. The lowest average 30-year montiily ramfall (3.04 inches) 
historicaUy occurs m October, and tiie highest average 30-year montiily rauifall (7.04 mches) 
historicaUy occurs in March. During tiie Phase 1 Supplemental RI field mvestigation m Febmary 
1995, rainfaU was approximately twice the monthly average, measuring 13.53 mches. Historical 
precipitation data for tiie period between 1961 and 1990 and recent precipitation data (1994-97) 
recorded at the ChUdersburg Water Treatinent Plant are presented m Table 2-1. 

^ ^ Table 2-1. Monthly Total and Average Precipitation 
at the Childersburg Water Treatment Plant 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Year 

1961-90 

1991-95 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

Jan 

5.58 

5.19 

4.78 

4.85 

8.75 

3.49 

4.06 

9.40 

6.75 

Feb 

5.32 

6.85 

6.31 

5.95 

3.14 

5.33 

13.53 

5.02 

6.95 

Mar 

7.04 

NA 

5.90 

2.87M 

3.42 

7.35 

4.99 

8.07 

2.19 

Apr 

5.29 

4.41 

1.62 

3.98 

3.91 

6.14 

6.38 

2.92 

7.70 

May 

4.63 

3.17 

6.75 

1.65 

3.41 

2.47 

1.58 

1.11 

3.13 

Jun 

4.12 

4.29 

4.97 

3.02 

4.71 

6.46 

2.30 

. 2.49 

8.70 

Jul 

4.94 

3.61 

3.73 

4.37 

0.22 

7.98 

1.75 

4.32 

3.14 

Aug 

4.19 

NA 

3.29 

4.72 

3.39 

1.88 

5.49 

4.94 

2.50 

Sep 

3.93 

NA 

3.75 

3.03 

1.40 

5.76 

3.49 

6.64 

3.95 

Oct 

3.04 

NA 

1.39 

2.75 

2.22 

4.04 

11.95 

4.50 

2.96 

Nov 

3.92 

NA 

3.76 

7.97 

3.14 

2.88 

6.7i 

3.38 

5.06 

Dec 

5.38 

'NA 

4.47 

6.21 

4.39 

5.41 

4.66 

3.36 

4.69 

Annual 
Precip. 

57.38 

NA 

50.72 

51.37 

42.10 

59.19 

66.89 

56.15 

57.72 

5-year average annual precipitation 56.41 

Data acquired from the National Oceanic and Atmospheric Administration (NOAA). Data represented from 1961 to 1990 above were acquired from 
NOAA report - Monthly Station Normals of Temperature, Precipitation, and Heating and Cooling Days, Alabama, 1992. 

M - Data missing from NOAA data base during month indicated, a minimum of 20 days recorded. 
NA - Data currently not available. 

" ^ 
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2.4 REGIONAL GEOLOGY 

The geologic settmg for the ALAAP facility is summarized in tiie following sections. 
Information regarding the regional geology was obtained from available Uterature and mappmg of 
tiie Alabama Geological Survey (AGS), tiie U.S. Geological Survey (USGS), tiie SoU Conservation 
Service (SCS), and literature compiled from local investigations in the area siuroimding ALAAP. 

Westem Talladega County, mcludmg ALAAP, lies withm the Appalachian Valley and 
Ridge physiographic provmce. The Alabama fold and thrust beh is a region withhi the Valley and 
Ridge provmce that is characterized by Paleozoic rock formations that have been repeatedly folded 
and thrust faulted by northwestward-dfrected tectonic sfresses. As a result of this deformation, 
major geomorphic and geologic stmctures, mcludmg fold axes, fauh traces, and lithologic 
boundaries, are commonly oriented m a northeast-southwest dfrection. Northwestward ti-ansport of 
the Paleozoic rock sequence along thrust fauhs has resulted m the unbricate stacking of large slabs 
of rock referred to as thmst sheets. Within an mdividual thrust sheet, smaller faiUts may splay off 
the larger thrust fault, resultmg m stacking and overlap of rock units withm an mdividual thmst 
sheet (Osborne and Szabo 1984). Geologic contacts m the region generally are oriented paraUel to 
mapped faults and repetition of lithologic units is common m vertical sequences. ALAAP Ues on 
the Pell City thrust sheet withm the fold and thmst beh. 

The PeU City thrust sheet consists of sedunentary rocks of the Cambrian Rome and 
Conasauga Formations and Cambrian-Ordovician carbonate rocks ofthe Knox Group (Figure 2-3). 
Surface geology m the vicuiity of ALAAP is mapped as the Cambrian-Ordovician Knox Group 
(Osborne et al. 1989). To tiie west along tiie Pell City tiuoist fauh, rocks of tiie Pell City timist sheet 
are juxtaposed against primarily Mississippian-Pennsylvanian rocks of the Coosa Deformed Belt. 
The PeU City thmst sheet is over-ridden to the southeast by the Sleepmg Giants klippe, which 
exposes Lower Cambrian rocks of the ChiUiowee Group and the Shady Dolomite Fonnation 
(Bearce 1978). The Alpme fauh extends through the Knox Group from the southem portion ofthe 
Sleepmg Giants complex along Talladega Creek and tnmcates the Pell City thrust fault south of 
ALAAP. Low-grade metamorphic rocks ofthe Alabama Piedmont occur approxunately 10 mUes to 
the southeast. 

The PeU City thmst sheet in the vicuiity of ALAAP is composed of carbonate rocks and 
residuum ofthe Knox Group. Locally, the sfratigraphy ofthe Knox Group is mcompletely mapped 
as a resuh of deep, differential weathering of the carbonate rocks and the relative absence of 
exposed formations at the surface. Because ofthese difficulties, Osborne et al. (1989) mformally 
divided the Knox Group mto the upper aid lower Knox Groups. Bedrock coring conducted by 
Southem Company Services at the Logan Martm Dam site (approxhnately 5 miles north of 
ALAAP) mdicates that the lower Knox Group typically consists of mtensely fi-actured, tan to gray, 
very fine- to coarse-grained dolomite, with lesser chert, sandstone, and Umestone (Redwme 1993). 
The upper Knox Group consists of dolomite much like that of tiie lower Knox Group; however, 
more abimdant beds of limestone and sandstone with less chert are mterbedded with the dolomite. 
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Because of the weathering characteristics of the hmestone and the lesser amount of chert, 
\ ^ topography overiy mg tiie upper Knox Group is generally flat to rolling hUls. Topography over the 

lower Knox Group is characterized by moderate relief due to the predominance of fafrly resistant 
dolomite and the relative abundance of chert (Osborne 1989). Based on mappmg completed by 
Southem Company Services (1989) and resultant topographical relief differences between the upper 
and lower Knox Groups, Klidzejs (1994) suggested that the contact between the two units extends 
along a north-south Ime frendhig through the approxunate center of ALAAP. 

Large-scale geologic Imeaments frendmg N80-85°E and N50°W have been mapped on a 
regional scale from satellite hnagery (Guthrie 1993). Detailed photogrammetric and geologic 
mapping at the Logan-Martm Dam site (Redwine 1993) approximately 5 miles northwest of 
ALAAP mdicated a predommant east-west oriented jomt set m the bedrock along which extensive 
solution activity was occurring. The majority of mapped jomt sets at the dam site occurred between 
N86°E and N82°W with near vertical surfaces dippmg to the nOrth. A high-permeabiUty, Imear 
discontmuity was mapped at the dam site frendmg N60-70°E. Aerial fracture trace mappmg m the 
vicmity of the dam site indicated that the majority of the mapped fractures are oriented between 
N40°E and N70°W. Klidzejs (1994) analyzed the orientation of rectilmear sfream segments in 
portions of TaUadega Coimty and observed an approxunately bunodal distribution of sfream 
segments witii orientations between N30°E-N50°E and N25°W-N40°W. Klidzejs (1994) also 
observed prominent lineament orientations from orthophotoquadrangle maps at dfrections N20°W, 
N54°W,N31°E,andN47°E. 

\ ^ 

^ 

Relatively few surface exposures of unweathered Knox Group rocks exist m the hnmediate 
vicinity of ALAAP because of deep weathering of the carbonate bedrock. Moser (1988) reported 
that residuum is less than 50 feet thick m most areas of Talladega County, although up to 100 feet of 
residuum may occur. Drilling records for private groundwater wells mstalled near ALAAP hidicate 
that up to 120 feet of residuum may be locally present. Typically, residuimi over the Knox Group 
consists of yellowish red to reddish brown clay with abundant fragments of weathered dolomite, 
limestone, and chert. Residuum in surface exposures appears semi-consoUdated or as very 
weathered bedrock retaming relict primary and secondary stmctures, such as bedding planes and 
jomts (Klidzejs 1994). The relict stiuctures appear as textural or color contrasts and may unpart an 
oriented, preferential fabric to the residuum mass. Voids or clay-filled voids have been observed in 
tiie subsurface at tiie bedrock residuum mterface (ESE 1993). Small sinkholes m Talladega County 
and hi the vicmity of ALAAP provide additional evidence of preferential flow paths withm the 
residuum (Khdzejs 1994). 

Soil m the vicinity of ALAAP is categorized into 14 associations that are classified mto 
4 groupmgs based on geomorphic settmg. The four groupmgs mclude soils of the mountam areas, 
soils of tiie stony and cherty hills, soils of the floodplams and sfream terraces, and soUs of the 
uplands (Cotton et al. 1974). Figure 2-4 shows tiie distiibution of these soU groupings across 
Talladega County. 
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wy 
The mountam area soils mclude the Tallapoosa-Tatum, Townley-Enders-MontevaUo, and 

Clymer Associations. Soils ofthese associations are derived from the weathering of slate, phyllite, 
sandstone, and shale and are typically loamy, well-drained, and occupy short steep slopes, narrow 
ridge tops, and rock outcrops. Thê  soils of tiie stony and chisrty "liills mclude the Bodme-Mmvale 
Association, derived from tiie weatiiermg of cherty lunestone, and the AUen Association, derived 
from the weathering of sandstone and shale. These soUs are generally deep, well-drained, contain 
high percentages of gravel and rock fragments, and occupy steep terrams. Soils developed on 
floodplains and sfream terraces mclude the Chewacla-Chenneby-McQueen and LobelviUe-
Chewacla-Chenneby Associations. These associations mclude soils that are deep, well to poorly 
drained, and loamy. They typicaUy occupy level terrams adjacent to the larger streams withm 
Talladega County. Although productive, use of these soils is sometimes restricted due to poor 
drainage and floodmg. Soils developed m upland areas mclude the Decatur-Dewey-Fullerton, 
Bodme-Minvale-Locust, Tatum-Tallapoosa-Wickham, Bremo, Townley, and Allen-Holston-Cane 
Associations. Soils of these associations are generally loamy at the surface and more clayey with 
depth. They are deep to shallow, drained to moderately well-drained, and occur on gently slopmg to 
sloping terrains. They are predominantiy derived from the weathering of clastic sedimentary and 
metamorphosed clastic sedimentary rocks. 

SoUs within ALAAP are mcluded m the Chewacla-Chenneby-McQueen, Decatur-Dewey-
Fullerton, and Bodme-Muivale Associations. Each association is composed of mdividual soil series 
(e.g., the Mmvale series of the Bodme-Muivale Association), which m tum are divided mto 
mappmg units (e.g., the Mmvale cherty silt loam [MnC] of the Mmvale series). Figure 2-5 
illustrates the distribution of soil mappmg units withui the ALAAP boundaries. Table 2-2 provides 
the general characteristics of the soil series and soil mappmg units occurring on ALAAP in 
Talladega County. 

2.5 REGIONAL HYDROGEOLOGY 

Comparatively few regional studies have been conducted in southwestem Talladega County 
to determine the dfrection of regional groundwater flow. Several studies have been conducted to 
investigate groundwater quaUty, availability (Causey 1965, Moser 1988), and aquifer productivity. 
Planert and Pritchett (1989) used information from public supply wells and springs to map regional 
groundwater flow between CaUioun and Talladega Counties. The results of these studies are 
summarized below. 

Potentiometiic data compUed by Planert and Pritchett (1989) indicate tiiat regionally, 
groundwater m the Knox Group aquifer flows from northeast to southwest between Anniston, 
Alabama, in CaUioun County and Childersburg, Alabama (Figure 2-6). The data compUed by 
Planert and Pritchett (1989) were obtamed from pubhc supply wells tiiat produce groundwater from 
deeper bedrock formations, hi southwestem Talladega County, groundwater movement is 
mfluenced by tiie Coosa River, which acts as an influent water body on a regional scale. 
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However, the regional data are msufficient to map groundwater movement relative to the 
l ^ ^ Coosa River on a local scale. Regional groundwater elevation ranges from approxunately 650 feet 

msl near Anniston, Alabama,.to 400 feet msl near Childersburg, Alabama. Recharge to the 
groundwater system occurs through, the uifiltration of precipitation and to a lesser extent by dfrect 
flow of surface water or rauifaU mto sinkholes. Because water table cohditions exist, the recharge 
area may be considered to include the entfre areal extent of residuum overlymg the Knox Group 
carbonate bedrock. Recharge has been estimated at approximately 5 mches per year (Planert and 
Pritchett 1989). Pomts of groundwater.discharge include the Coosa River, various springs, and 
effluent sfreams. 

Groundwater quality in TaUadega County has been mvestigated by Causey (1965) and 
Moser (1988). Groundwater quality data collected by Moser:(1988) from private wells completed 
hi the Knox Group in Talladega County are summarized m Table 2-3. These data also are plotted 
as percentage reaction values on a trilmear (Piper) diagram m Figure 2-7. The Piper diagram is a 
visual method of characterizmg and displaymg natural groimdwater chemistry based on the 
presence of the most commonly occurring ionic species. Figure 2-7 mdicates that groimdwater 
from Talladega County is characterized as a calcium bicarbonate type, which is typical of lunestone 
regions. Regional groundwater has a pH rangmg from 4.8 to 8.2 pH units with an average of 
7.54 pH units. Specific conductance averaged 297 pmhos/cm with hardness rangmg from 9 to 
230 mg/L and averagmg 140 mg/L. 

^ 

w 

2.6 HYDROLOGY 

This section describes the hydrologic characteristics of ALAAP and the surroundmg area. 

2.6.1 Receiving Waters 

Surface water flow m the region of ALAAP is dfrected toward the Coosa Riyer, which is a 
component ofthe Mobile River Basm; Major confributing sfreams to the Coosa River, withm the 
vicmity of ALAAP, include Kelly Creek (approximately 5 miles upstream), TaUadega Creek 
(1.5 miles downsfream), and Tallaseehatchee Creek (2.2 mUes downsfream). Flipper Creek, with 
tributaries includmg Little Blue Creek and Fannuig Branch, enters tiie Coosa River at the north end 
of ALAAP. Tributaries to these creeks generally form dendritic drainage pattems near ALAAP. 
Further east and west, the geology and subsequent relief of the Piedmont and the Plateau, 
respectively, produces moderately developed frelUs drainage patterns. The major surface water 
features on andsurroundmg ALAAP are shown m Figure 2-8. 

Smce 1949, flow on tiie Coosa River has been regulated by a series of dams constmcted for 
flood confrol and electrical power generation. As a resuh, the Coosa River now exists as a series of 
reservofrs, with the portion adjacent to ALAAP a component of Lay Lake, impounded by Lay Dam. 
Flow into Lay Lake is confroUed by the Logan Martin Dam, which unpounds Logan Martin Lake. 
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Table 2-3. Natural Groundwater Quality in Knox Aquifer - Talladega County 
Alabama Army Ammunition Plant, Childersburg, Alabama 

>3 

a 

I 

> 

to o o 

Sample 

Date of Collection 

Well Depth (ft) 

Springflow.(gpm) 

Specific Conductance (umhos/cm) . 

Temperature (°C) 

Bicarbonate (mg/L) 

Alkalinity as CaC03 (mg/L) 

pH 

Silica (mg/L) 

Calcium (mg/L) 

Magnesium (mg/L) 

Sodium (mg/L) 

Potassium (mg/L) 

Sulfate (mg/L) 

Chloride(mg/L) 

Fluoride (mg/L) 

Nitrate as N (mg/L) 

Nitrite as N (mg/L) 

Ammonia as N (mg/L) 

Total Kjeldahl Nitrogen as N(mg/L) 

Phosphorous as P (mg/L) 

Orthophosphate as R (mg/L) 

Arsenic (ug/L) 

Barium (ug/L) 

Cadmium (ug/L) 

Chromium (ug/L) 

Cobalt (ug/L) 

Iron (ug/L) 

Lead (ug/L) 

Manganese (ug/L) 

Mercury (ug/L) 

Selenium (ug/L) 

Silver (ug/L) 

Strontium (ug/L) 

Zinc (ug/L) 

Total Dissolved Solids (mg/L) 

Hardness as CaC03 (mg/L) 

C-13 

01/13/86 

260 

385 

17 

150 

120 

7.4 

8 

36 

I I 

1.4 

0.4 

ND 

2.6 

0.02 

0.58 

ND 

ND 

0.14 

ND 

1 

10 

ND 

< l 

1 

20 

20 

ND 

ND 

ND 

<l 

20 

500 

136 

140 

C-16 

02/27/86 

346 

16 

210 

170 

7.6 

6.1 

48 

14 

2.4 

0.8 

1.4 

2.8 

<0.05-

1.48 

ND 

ND 

0.02 

ND 

ND 

ND 

10 

ND 

ND 

ND 

10 

ND 

<5 

ND 

3 

ND 

40 

<5 

186 

180 

C-02 

01/13/86 

175 

480 

17 

180 

150 

7:4 

7.6 -

48 

13 

1.8 : 

0.9 

1.4 

2.3 

<0.02. 

2.4 

ND 

ND 

0.08 

ND 

ND 

1 

10 

<l 

<l 

<l 

10 

<l 

ND 

ND 

ND 

ND 

40 

<5 

175 

. 170 

D-l 

01/14/86 

348 

208 

I I 

120 

98 

7.7 

8 

22 

12 

l.l 

0.3 

ND 

3.7 

<0.02 

0.71 

ND 

ND 

0.06 

ND 

ND 

1 

10 

ND 

1 

ND 

20 

ND 

<5 

ND 

ND 

1 

10 

50 

109 

IOO 

E-3 

01/21/86 

211 

232 

14 

150 

120 

7.6 

10 

39 

8.2 

1 

1.2 

1.6 

0.8 

0.13 

0.56 

ND 

ND 

0.16 

ND 

ND 

ND 

40 

<l 

<l 

ND 

IIO 

<1 

20 

ND 

1 

1 

40 

60 

138 

130 

E-01 

01/21/86 

265 

247 

16 

160 

130 

7.3 

8.8 

30 

14 

0.9 

0.6 

1.8 

0.2 

<0.02 

0.31 

ND 

ND 

0.09 

0.04 

ND 

ND 

10 

<l 

<l 

ND 

400 

10 

10 

ND 

4 

30 

430 

137 

130 

F-5 

01/20/86 

225 

230 

9 

150 

130 

7.2 

10. 

29-

12 

1.6 

0.8 

2.8 

0.8 

<0.02 

0.32 

ND 

ND 

0.21 

O.OI 

ND 

10 

<l 

ND 

<l 

20 

1 

5 

ND 

ND 

ND 

60 

460 

132 

120 

G-3 

01/14/86 

85-

551 

15 

220 

180 

7.4 

7.4 

58 

19 

3.6 

2.2 

7.2 

5 

<0.02 

3.3 

ND 

ND 

0.14 

ND 

ND 

1 

30 

<l 

ND 

ND 

680 

1 

90 

ND 

ND 

1 

40 

60 

226 

230 

G-6 

01/14/86 

102 

344 

17 

140 

IIO 

7 

7.3 

26 

14 

2.3 

0.7 

2.8 

1.8 

<0.02 

1.3 

1.29 

ND 

0.08 

ND 

ND 

<0.0I 

10 

ND 

<l 

1 

20 -

ND 

ND 

ND 

ND 

<l 

10 

20 

130 

120 

G-14 

02/27/86 

2200 

237 

16 

150 

120 

8 

6.2 

25 

14 

l.l 

0.4 

0.4 

0.8 

<0.05 

0.52 

ND 

O.OI 

0.06 

ND 

ND 

1 

10 

ND 

ND 

ND 

.20 

ND 

ND 

ND 

1 

<l 

20 

10 

124 

120 

G-15 

01/23/86 

140 

402 

12 

140 

IIO 

7-.1 

6.2' 

49 

3.2 • 

2.6 

0.8 

1.2 

3.4 

<0.02 

2.8 

ND 

0.02 

0.18 

ND 

ND 

1 

20 

ND 

<l 

1 

30 

<l 

. ND 

, ND 

ND 

<l 

. 80 

30 

147 . 

140 

G-03 

01/23/86 

60 

313 

17 

210 

170 

7.8 

7.8 

38 

21 . 

I-.4 

0.2 

1.2 

2.5 

<0.02 

0.92 

ND 

ND 

0.05 

ND 

ND 

ND 

10 

<l 

1 

ND 

20 

1 

<5 

ND 

1 

1 

20 

10 

180 

H-5 

02/27/86 

1650 

231 

16 

150 

120 

7.8 

6.1 

28 

14 

0.8 

0.2 

ND 

0.8 

<0.05 

0.52 

ND 

N D ' 

0.26 

ND 

ND 

1 

<I0 

ND 

ND 

ND 

20 

ND 

ND 

ND 

10 

< l 

20 

<5 

126 

130 

H-7 

01/16/86 

326 

17 , 

130 

IIO 

7.6 

8.3. 

26 

. 13 

; 1 

0.6 

ND 

0.9 

<0.02 

0.34 

ND 

0.03 

0.38 

ND 

ND 

. 1 

10 

<l 

<0.5 

ND 

80 

5 

ND 

ND 

ND 

, N D 

40 

80 

115 

120 

CJ3 a 

a 

On 

99 

Data obtained from "Groundwater Availability in Talladega County, Alabama", Geological Survey ofAlabama Special Map 207, 1988. 
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Table 2-3. Natural Groundwater Quality in Knox Aquifer - Talladega County 
Aiabama Army Ammunition Plant, Childersburg, Alabama (continued) 

KJ 
I 

> c eg 

O 

o 

Sample 

Date o f Co l lec t ion -

Well Depth (ft) 

Springflow (gpm) 

Specific Conductance (umhos/cm) 

Temperature (°C) -

Bicarbonate (mg/L) 

Alkalinity as CaC03 (mg/L) 

pH . -

Silica (mg/L) 

Calcium (mg/L) -

Magnesium (mg/L) 

Sodium (mg/L) 

Potassium (mg/L) •• • • 

Sulfate (mg/L) 

Chloride(mg/L) . . 

Fluoride (mg/L) 

Nitrate as N (mg/L) 

Nitrite as N (mg/L) . 

Ammonia as N (mg/L) 

Total Kjeldahl Nitrogen as N(mg/L) 

Phosphorous as P (mg/L) 

Orthophosphate as P (mg/L) . 

Arsenic (ug/L) 

Barium (ug/L) 

Cadmium (ug/L) 

Chromium (ug/L) • 

Cobalt (ug/L) 

Iron (ug/L) 

Lead (ug/L) 

Manganese (ug/L) 

Mercury (ug/L) 

Selenium (ug/L) 

Silver (ug/L) 

Strontium (ug/L) 

Zinc (ug/L) 

Total Dissolved Solids (mg/L) 

Hardness as CaC03 (mg/L) 

H-01 

01/15/86 

80 

638 

15 

240 

200 

7.4 

7.4 

44. 

24 

9.8 

0.9 

0.5 

. 10 .. 

-<0.02. 

1.5 

. ND 

0.05 

0.28-

. ND 

ND. 

1 . 

. 3 0 

ND . 

<0.5. 

ND 

60 

3 

ND 

ND 

1 

<l 

20 

140 

221 

210 

1-6 

01/16/86 

136 

223 

16 

130 

IIO 

7.9 

8 

. 25 

. - 14 

1 

0.2 

1 

.- 1 

• .<0.02 

0.4. 

ND 

ND 

.0.13 

ND 

. ND 

10 

. <l 

ND 

1 

80 • 

3 

6 

ND 

ND 

ND 

10 

30 . 

116 

120 

K ^ 

01/30/86 

165 

220 

14 

140 

IIO 

7.6 

7.8 

26 

14 

l.l 

0.2 

ND 

0.8 

<0.02 

0.36 . 

ND -

ND 

ND 

ND 

ND 

<0.5 

10 

<l 

1 

ND. 

30 

1 

.ND . 

ND 

3 

ND 

20 . 

20 

120 

120 

U5 

01/30/86 

148 

220 

14 

140 

IIO 

7.6 

7.4 

25 

14 

1.3-

0.3 

ND 

2 

ND 

0.68 

ND 

. ND 

ND 

ND 

ND 

ND 

. <I0 

<l 

<l 

ND 

10 

i 
<5 

ND 

4 

<l 

10 

80 

122 

120 

L-12 

02/27/86 

650 

224 

16 . 

140 

. 110 

7.6 

7 

25 

13 

l.l 

1.7 

. ND 

' l.l 

0.06 

0.2 

ND 

0.01 

0.08 

0.01 . 

. 0.01 

1 

.10 

1 

5 

ND 

30 

ND 

ND 

ND 

2 

ND 

20 

10 

119 

.M-2 

01/23/86 

200 

. 260 

. 16 . 

160 

130 

7.9 

7.4 

28 

. 16 

2 

0.2 

1 

2 

<.02 

0.65 

ND 

ND 

0.44 

O.OI 

O.OI 

ND 

10-

ND 

1 
ND 

. 60 

1 

50 

1 

1 

1 

20 

170 . 

138 

140 

M-01 

01/24/86 

92 

70 

. 16 

3 

2 

4.8 

8.4 . 

1.4. 

1.2 

6.7 

0.8 

ND 

7.1 

0.03 

3:4 . 

ND 

O.OI 

0.16 

ND 

ND 

ND 

no. 
. <l 

<l 

2 

60 

<l . 

.160 

ND 

1 

. 1 . 

10 

10 

. 42 

9 

N-6 . 

02/27/86 

600 .. 

257 

. 17 

160 

130 

8.1 

5.4 . 

27 

16 

1.2 

0.2 

ND 

1.5 

<0.05 

0.88 

ND . 

ND 

0.18 

ND 

ND 

ND 

. <I0 

0.5 

<0.5 

1 

30 

. N D . 

20 . 

ND 

. 2 , 

ND 

20 

. <5 

134 

130 

N-14 

01/21/86 

85 

291 

16 

170 

,140 

7.8 

32 

17 

2.6 

0.5 

1.3 

3 . 

<0.02 

. 2.1 

ND 

- ND 

0.09 

ND 

ND 

ND 

10 

ND 

1 

1 

70 

1 . 

90 

ND _ 

1 

ND 

10 

80 • 

149 

150 

.R-2 

02/27/86 

600 

265 

.. 17 

170 

140 

7.9 

6 

30 

16 

l.l 

0.4 

0.7 

1 

. <0.05 

.0.48 

ND 

ND 

0.07 

O.OI 

ND 

1 

ND 

9 

1 

ND 

10 

<l ' 

<5 

• ND 

2 

ND 

20 

<5 

141 

140 

R-3 

02/02/86 

56 

413 . 

13 

270 

220 

7.9 

4.4 

43 

25 

0.7 . 

0.2 

ND 

0.8 

0.06 

O.ll, 

ND. 

ND 

0.26 

ND 

ND 

.2 

10 

<.5 

<.5 

1 .. 

50 

. 1 . 

<5 

ND 

ND 

<l 

20 

150 

208 

R-7 . 

02/26/86 

. 235 

. 285 

13 

180 

150 

7.8 

6.8 

31 

17 

1.4. 

0.4 

ND 

1.8 

<.05 

0.82 . 

ND. 

ND 

0.22 : 

.ND 

ND • 

1 

• <I0 

<.5 

<.5 

<l 

10 

1 

. ND 

ND 

4 

<l 

20 

IIO 

151 

l.SO 

- S-18 

03/25/86 

185 • 

208 

130 

IIO . 

6.8 

. 7.4 

- 24 

13 

. I.I .-.: 

0.3. 

ND. . 

1.6 . 

2 

0.2 

ND 

ND 

ND 

. O.OI . 

O.OI 

1 

10 

3 

.1 

ND 

30 

1 

10 

ND 

2 

ND 

20 

40 

114 

IIO 

t-3 
01/30/86 

100 

260 

14 

. 150 

120 

7M-
. 8.'4 

31 

14 

... 5 

0.6 

3 

2.2 
<.02 

0.55 

. ND 

,ND 

rNP 
iND 

. ND 

. ND 

10 

1 

1 

.. 1 

290 

2 

ND 

ND 

2 

ND 

30 

. 60 

.140 

140 

til 

a 

c-n 

a 

Data obtained from "Groundwater Avai labi l i ty in Talladega County, Alabama", Geological Survey o fA labama Special Map 207, 1988. 



Table 2-3. Natural Groundwater Quality In Knox Aquifer - Talladega County 
Alabama Army Ammunition Plant, Childersburg, Alabama (continued) 

Sample 

Date of Collection 

Well Depth (ft) 

Springflow (gpm) 

Specific Conductance (umhos/cm) 

Temperature (°C) 

Bicarbonate (mg/L) 

Alkalinity as CaC03 (mg/L) 

pH -
Silica (mg/L) 

Calcium (mg/L) 

Magnesium (mg/L) 

Sodium (mg/L) 

Potassium (mg/L) 

Sulfate (mg/L) 

Chloride(mg/L) 

Fluoride (mg/L) 

Nitrate as N (mg/L) 

Nitrite as N (mg/L) 

Ammonia as N (mg/L) 

Total Kjeldahl Nitrogen as N(mg/L) 

Phosphorous as P (mg/L) 

Orthophosphate as P (mg/L) 

Arsehic (ug/L) 

Barium (ug/L) 

Cadmium (ug/L) 

Chromium (ug/L) 

Cobalt (ug/L) 

Iron (ug/L) 

Lead (ug/L) 

Manganese (ug/L) . 

Mercury (ug/L) 

Selenium (ug/L) 

Silver (ug/L) 

Strontium (ug/L) 

Zinc (ug/L) 

Total Dissolved Solids (mg/L) 

Hardness as CaC03 (mg/L) 

T-4 

01/31/86 

379 

280 

I I 

160 

130 

7.7 

7.9 

36 

15 

l.l 

0.7 

13 

1 

0.06 

0.16 

ND 

ND 

0.12 

ND 

ND 

ND 

20 

1 

1 

1 

60 

1 

ND 

ND 

3 

1 

60 

170 

154 

150 

U-2 

02/04/86 

320 

17 

. 190 

160 

7.8 

7.2 

37 

19 

1.6 

0.3 

12 

2.2 • 

<.02 

0.77 

ND 

- ND 

0.02 

ND 

ND 

3 

10 

1 

2 

ND 

250 

1 

30 

ND 

2 

ND 

20 

30 

176-

170 

V-2 

01/31/86 

396 

300 

• 14 

180.. 

150 

7.5 

8 

. 49 

10 

1.5 

l.l 

. 2.8 

1.2 

<.02 

0.96 

ND 

ND. 

0.12 

ND 

ND 

ND 

30 

1 

1 

1 

40 

3 

ND 

ND 

6 

60 

IIOO 

ND 

167 

V-13 

02/04/86 

70 

280 

17 

160 . 

130 

7.8 

6.6 

• 31 

17 

. 2.6 

0.9 

2 . 

3.6 

<.02 

2.85 

ND 

ND 

ND 

ND 

ND 

2 

20 

1 

1 

ND 

490 

1 

60 

ND 

3 

ND 

20 

70 

150 

V-14 

02/27/86 

600 

235 

16.5 

140 

IIO 

8.1 

6.1 

27 

. 13 

' 1.2 

0.5 

ND 

1.2 

<.05 

0.3 

ND 

ND 

0.02 

0.02 

O.OI 

1 

<I0 

2 

<.5 

ND 

20 

<l 

<5 

ND 

1 

ND 

40 

<5 

119 

120 

V-17 

02/27/86 

200 

354 

16 

200 

160 

7.4 • 

5.6 

60 

5.8 

2.3 

0.6 

3.4 

2.8 

<.05. 

0.68 

ND 

ND 

.0.03 

ND 

ND 

1 

10 

<0.5 

1 

ND 

80 

1 

10 

ND 

5 

ND 

70 

10 

182 

170 

V-06 

03/21/86 

300 

280 

17 

170 

140 

7.6 

7.9 

34 

16 

1.7 

0.6 

ND 

2 

0.09 

1.07 

ND 

ND 

0.04 

ND. 

ND 

1 

10 

1 

1 

ND 

400 

5 

170 

0.16 

3 

1 

30 

50 

151 

150 

W-5 

02/04/86 

84 

.280 

17 

140 

IIO 

7.6 

6 

29 

16 

4 

1.8 

1.7 

7 

. <.02 

4.28 

ND 

ND 

0.03 

ND 

ND 

• 2 

10 

ND 

1 

ND 

30 

1 ' 

5 

ND 

ND 

ND 

30 

50 

173 

140 

W-11 

02/05/86 

210 

16 . 

.130 

no 
7.8 

7.6 

24 . 

13 

1 

0.8 

3 

l.l 

0.04 

0.08 

ND 

ND 

ND 

0.02 

0.02 

1 

<I0 

ND 

2 . 

ND 

10. 

1 

<5 

ND 

2 

ND 

20 . 

"60 

115 

110 

W-17 

02/27/86 

860 

276 

17 

170 

140 

8.2 

6.9 

32 

14 , 

. 1.8 

1.2 

3.4 

2 

<.05 

. 0.5 

ND 

ND 

0.08 

O.OI 

O.OI 

. 1 

10 

<5 

<5 

ND 

90 

<l 

40 

ND 

3 

ND 

IOO 

10 

147 

140 

W-23 

02/28/86 

4 

314 

16 

190 

160 

7.6 

7.2 

30 

19. 

3.9 .. 

1.4 

3.2 • 

4.8 

<.y5 

1.18 

ND 

0.8 

0.16 

O.OI 

ND 

1 

10 

2 

1 

ND 

10 

<l 

ND 

ND 

2 

ND 

20 

10 

168 . 

150 

W-02 

02/07/86 

177 

290 . 

17 

170 

140 

7.8 

8.4 

32 

.18 

2.9 

0.8 

4.4 

0.38 

0.05 

0.95 

0 

ND 

0.26 

ND 

ND 

2 

. 10 

. ND 

1. 

ND 

3d 
1 

<5 

ND 

3 

ND 

20 

10. 

158 . 

150 

CC-3 

02/25/86 

. 46 

387 

16 

190 

160 

7.4 

6 

.38 

21 

12 

0.7 

0.7 

13 

<.05 

6 

ND 

ND. 

0.32. 

O.OI 

O.OI 

1 

20 

<.5 

0.5 

1 _ 

900 

3 

5 

ND 

ND 

<l 

20 . 

68 

.212. . . 

180 

a 

a 
S 
a 
& 
On 

a 
a 

Data obtained from "Groundwater Availability in Talladega County, Alabama", Geological Survey ofAlabama Special Map 207, 1988. 
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The portion ofthe Coosa River adjacent to ALAAP is gaged at Childersburg (approximately 4 miles 
downstream from ALAAP). At that station, the average discharge over a 65-year reporting period 
is 13,860 ft'/sec. Extremes include a maximum discharge of 150,000 fr'/sec (April 14, 1979) and a 
minimum discharge of 378 ft^/sec (April 20, 1975). Discharges from Logan Martin Dam range 
daily from 0 to 30,000 tf/sec (USGS 1994). 

Flow m unregulated streams in the region of ALAAP is variable and dependent upon annual 
climatic and local geologic conditions. Annually, the lowest stream flows occur in October when 
rainfall is at a minimum. During November and December, flow increases as evapotranspiration 
decreases and precipitation increases. Stream flow is greatest between January and April as heavy 
precipitation continues and runoff is greatest due to saturated soil conditions. During May and June, 
flow recedes as rainfall diminishes and evapotranspiration increases. Flow rises in July and August 
due to frequent convectional thunderstorms and then recedes from mid-August to October as 
rainfall again becomes less frequent (Harkins 1972). 

2.6.2 Drainage Characteristics 

The present surface water drainage system at ALAAP is a product of natural topography, 
channelization, and natural and maimiade iinpoundment processes. The site generally slopes 
(3.5 percent average) west or southwest toward the Coosa River. Therefore, the surface runoff from 
ALAAP also drains either west or southwest into the Coosa River. The portion of Area B that 
includes the Flashing Groimd (Study Area 16), Lead Facility (Study Area 19), and Demolition 
Landfill (Study Area 22) lies southeast of a northeast trending ridge that acts as a surface water 
divide separating flow between the Coosa River and Talladega Creek. Portions of ALAAP 
southeast of this divide drain into Talladega Creek, which ultimately flows into the Coosa River. 

Prior to the construction of ALAAP, the area consisted of farms, woodlands, and wetlands, 
and much of the westem portion of ALAAP was poorly drained (ESE 1993). During facility 
operations, two natural drainages (the Crossover Ditch and the Beaver Pond Drainage) were 
channelized or modified to direct runoff to the Coosa River. A manmade chaimel (the Red Water 
Ditch) was constructed to transport liquid process wastes to the Coosa River. In addition, two 
storage basins (the Aniline Sludge Basin [Study Area 9] and the Red Water Storage Basin 
[Study Area 5]) were constructed to hold process wastes. Since the beginning of demolition 
activities in 1973, swampy and ponded areas have developed throughout ALAAP primarily due to 
the construction of beaver dams (ESE 1993). The primary surface drainages at ALAAP include the 
Red Water Ditch drainage, the Crossover Ditch, and the Beaver Pond drainage. Figure 2-9 defines 
the drainage areas. 

As originally constructed, the Red Water Ditch extended frdm the westem boundary of 
Study Area 10 to an outfall at the Coosa River. The drainage was constructed to transport process 
wastes and surface runoff from facilities in the Southem and Northem TNT Manufacturing Area 
(Study Areas 6 and 7), the Acid/Organic Manufacturing Area (Study Area 8), and Study Area 10. 
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In addition, overflow from Study Area 5 and drainage from industrial sewer systems throughout 
ALAAP were conveyed to this drainage. Along its path, the drainage crosses the Beaver Pond 
Drainage System (Study Area 27) and the Crossover Ditch.' At these areas, water from the Red 
Water Ditch is diverted through large-diametei- vitrified culverts. Water flow in the Red Water 
Ditch is sustained only during the wettest periods of the year. Gerierally, water occurs as shallow 
standing pools. During dry periods, water occurs only intermittently. The Red Water Ditch 
drainage system conveys approximately 17 percent of the surface water within ALAAP 
(ESE 1981). 

The Crossover Ditch was a natural drainage that was modified to convey surface runoff and 
wastewater from the nitrocellulose (NC) and propellant manufacturing areas, the southem power 
plant, and the propellant finishing areas. Tributaries of the ditch extend approximately from the 
southem boundary of Area B. The ditch flows north and west through ALAAP, then south to an 
outfall at the Coosa River. During most ofthe year, water in the Crossover Ditch occurs in shallow 
runs and in pools behind beaver dams. Significant flow occurs only during the wettest periods of 
the year, and during dry periods, water occurs only intermittently. The Crossover Ditch system 
drains approximately 25 percent of ALAAP. 

The Beaver Pond Drainage System occupies a natural topographic low, which extends from 
the westem side of the Talladega Creek/Coosa River drainage divide to the Coosa River. During 
operations at ALAAP, the stream system was channelized between Study Area 10 and Study 
Areas 6 and 7. West of Study Areas 6 and 7, the drainage system is within the Coosa Valley 
floodplain and has not been modified (ESE 1983). Two large beaver ponds, which store large 
volumes of water, currently exist within the drainage. Flow within most of Study Area 27 is 
sustained throughout the year, although flow in the upper reaches becomes intermittent during dry 
periods. Study Area 27 conveys approximately 25 percent ofthe surface waters within ALAAP. 

Standing water features at ALAAP include two manmade basins and numerous ponds and 
wetlands formed behind beaver dams. Study Area 9 was constructed as a clay holding basin with an 
industrial outfall and no outlet. It was used to store residues from Study Area 8. The basin contains 
standing water most of the year, but is dry during the driest periods. 

The Red Water Storage Basin was constructed as a settling pond for process waters from the 
trinitrotoluene (TNT) manufacturing process. The floor and dikes ofthe basin were constructed of 
hard clay. The basin origmally was equipped with an entry pipe and exit flume. Study Area 5 
contains water most ofthe year, but is dry during the driest periods. -

Ponded/marshy areas exist throughout ALAAP. The largest ofthese areas include the two 
beaver ponds within the Beaver Pond Drainage System and beaver ponds south and east of Study 
Area 6, and north and east ofthe Rifle Powder Finishing Area (Study Area 20) within the Crossover 
Ditch Drainage System. 
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2.7 VEGETATION AND HABITATS 

This section discusses the vegetation and plant habitats in the region and at ALAAP. 
Specific discussion of ALAAP wetlands and the potential for the occurrence of threatened and 
endangered (T&E) plant species at ALAAP is included. 

2.7.1 Regional Vegetation and Habitats 

Regional vegetation refers to an area composed of most of Alabama and most of Georgia. 
Eastem central Alabama is an area that transitions between the southem Appalachian Mountains 
and the piedmont. The regional vegetation follows this pattem of transition, grading between 
oak-pine forests (Appalachian) and forests dominated by pines (piedmont) in areas that are not 
under cultivation. Cotton and soybeans are major crops, with considerable acreage being dedicated 
to these cultivars in level to rolling areas. 

Regional forests are typically loblolly-shortleaf pine associations and loblolly 
pine-hardwood associations (SAF 1980). Loblolly pine {Pinus taeda) is a major component of both 
types. Associated species within these two forest cover types vary with moisture availability and 
topography. On well-drained sites, longleaf (P. palustris), shortleaf (P. echinata), and Virginia 
pines {P. virginiana) are found along with southem red (Quercus falcata), white {Q. alba), post 
{Q. SteUata), and blackjack oaks {Q. marilandica). Hickories {Carya spp.), sweetgirai 
{Liquidambar styraciflua), sassafras {Sassafras albidum), and persimmon {Diospyros virginiana) 
also are commonly found. Moderately to poorly drained sites support associated red maple 
{Acer rubrum), blackgum {Nyssa sylvatica), willow {Salix spp.), water {Q. nigra), and cherrybark 
oaks {Q.falcata var. pagodifolia), and yellow poplar {Liriodendron tulipifera). 

On somewhat poorly drained flatwoods, loblolly pine stands often replace longleaf pine 
stands after the longleaf pines are harvested. Loblolly pine also will colonize abandoned fields, 
cut-over or bumed areas, and other eireas of disturbance. Loblolly pine is only moderately 
shade-tolerant, and therefore, tends to be successionally temporary. In the absence of repeated 
disturbance, such as heavy logging or fire, hardwood species will eventually replace the pine. 
Succession on drier sites is toward upland oaks. On wetter sites, tree species such as sweetgimi, 
water oak, and other hardwoods will supplant the pine. Thus, wdthin the loblolly pine-hardwood 
stands, succession is sfrongly toward hardwoods. 

Understory frees include black cherry {Prunus serotina), flowering dogwood 
{Cornusflorida), American holly {Ilex opaca), sassafras, hawthorns {Crataegus spp.), sourwood 
{Oxydendron arboreum), fiingefree {Chionanthus virginiana), redbay {Persea borbonia), sweetbay 
{Magnolia virginiana), and sweetleaf {Symplocos tinctoria). Commonly associated shrubs are 
beautyberry, yaupon, southem bayberry, gallberry, and pepperbush, along with woody vines such as 
Japanese honeysuckle {Lonicerajaponica), poison ivy {Rhus radicans), grapes {Vitis spp.), and 
greenbrier {Smilax spp.). 
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2.7.2 ALAAP Vegetation and Habitats 

ALAAP consisted of farms and forests when purchased by the Federa] Govemment, with 
most of fhe forested areas having been logged before the facility was'constmcted. Some areas of 
the site were not likely disturbed during the constmction or operation of ALAAP (ESE 1993). 
These areas, left as is or to revert to natural succession, contribute to the current vegetation and 
habitat pattems at ALAAP. Paved roads, rail lines, and production and storage facilities still exist, 
but are in various stages of disrepair. Several drainage ditches.created during site constmction and 
operation (Red Water Ditch and Crossover Ditch) cross the site. Logging operations have 
continued under a managed forestry program since the facility ceased operation (ESE 1986). 

Five broad types of plant communities/habitats are found onsite and include old field 
communities, pines, hardwood swamps, mixed upland hardwoods, and bottomland hardwoods. The 
plant communities/habitats are found scattered throughout Area B. A habitat map provided in 
Section 7 shows precisely where habitats are located. These plant communities are ĝ reatiy 
influenced by the onsite soils that range from well-drained shaly silt-loams to silt loams with 
associated periods of standing water. Additional habitats found onsite are wetiands, discussed 
separately in Section 2.7.3, and open water habitats, which include ponds (vvest and east Beaver 
Ponds) and sfreams (especially tributaries to Crossover Ditch and the Beaver Ponds). 

Old Field Communities—Many areas have been clearcut and not replanted, resulting in 
open fields. The first few years of regrowth in these open fields are dominated by herbaceous 
plants; this stage of succession is referred to as early sere old field. After several years of regrowth, 
trees, shrubs, and woody vines began to gain dominance. Dominant trees m these relatively open 
fields include loblolly pine, sweetgum, black cherry, sassafitis, and southem redcedar 
{Juniperus silicicola). Dominant shmbs include chickasaw plum {Prunus angustifolia), smooth 
sumac {Rhus glabra), and deerberry {Vaccinium stamineum). Vines and herbaceous cover include 
Japanese honeysuckle, wild rose {Rosa spp.), blackberries {Rubus spp.), and blue vervain 
(Verbena hastata). The old field communities generally are found. in cleared portions of 
Study Areas 6, 7, and 10. 

The. same type of plant associations occur in areas, such as Study Area 8, occupied by 
abandoned production and support stmctures that made up the facility. These areas, wdth vegetation 
slowly reclaiming manmade structures and sites, are known as mderal communities. The abandoned 
structures, whether intact or in rubble, often contribute to wildlife habitat by providing escape, 
resting, or nesting cover.: 

Pines—Pines are represented by remnants of selectively cut stands, younger stands of 
naturally regenerated pine, and pine plantations. Dominant frees in the pines include loblolly pine, 
Virginia pine, spmce pine {P. glabra), southem redcedar, and southem red oak. Corings of loblolly 
pines of various-sized frees (up to 31.5 inches diameter at breast height [DBH]) show that the 
largest frees onsite are approximately 50 to 60 years old. Pine areas are found mostiy in the eastem 
portion of Area B. 
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Mbced Upland Hardwoods—The higher elevations support slightly different plant 
communities because of their better-drained soils. Most of the eastem areas have been heavily 
logged (ESE 1993) in the past, with remaining stands being relatively dense. These forests are a 
dominant part ofthe habitat mix at ALAAP. Prevalent species include black oak, blackjack oak, 
southem red oak, yellow poplar, hickories, loblolly pine, and Virginia pine. Dogwood is a conraion 
understory tree. Shmbs include plums and blueberries {Vaccinium spp.). Ground cover, sparse in 
many of these stands because of the heavy leaf litter, includes partridgeberry {Mitchella repens), 
heartleaf, bedstraw, Japanese honeysuckle {Lonicera japonica), bluets, and- wintergreen 
{Chimaphila maculata). 

Bottomland Hardwoods—More level areas at intermediate elevations have soils that are 
moist, consisting of deep, moderately well-drained cherty material. Bottomland hardwood species 
with occasional pines dominate these areas that are present as borders to the Coosa River, the 
hardvvood swamps, and other wetiands. Species include red oak, white oak, sweetgum, American 
beech, hickories, water oak, and laurel oak. Dogwood is common within the understory. Shrubs 
include deerberry, blueberry, blackberry, possum haw, and chickasaw plum. Groimd cover includes 
partridge berry, clover, elephant's foot, sphagnum, spider-wort, bird's-foot violet, heartleaf, 
bedstraw, and snakeroot. 

2.7.3 Wetlands 

Wetlands at ALAAP fall into four general vegetational classes: open water, hardwood 
swamps, scmb-shmb-dominated swamps, and emergent marshes. Vegetational development 
depends largely upon the depth and duration of flooding. Because of annual drawdown from 
evapotranspiration, most wetlands exhibit components of two or more of the vegetational classes. 
Several wetiands at the site contain water year-round, but most wetiands experience a significant 
dry period during the simimer and fall. Open water wetlands occur primarily in the Beaver Ponds 
where water is present throughout the year at depths greater than approximately 1.5 feet. Trees, 
shrubs, and emergent herbaceous species are able to invade sites where drawdown is sufficient to 
allow seedlings to become established. Several large permanently inundated wetlands at ALAAP 
developed in areas where beavers have dammed small creeks and drainage ditches at the site 
(Study Area 27). Most of the other wetiands at the site have developed naturally along the sfream 
channels and floodplains of Talladega and Little Blue Creeks that experience temporary flooding 
and soil saturation during the growdng season. 

Tree species frequentiy encountered in ALAAP wetiands include willow, red maple, 
Carolina ash {Fraxinus caroliniana), sweetgixm, American sycamore {Platanus occidentalis), water 
oak {Quercus nigra), winged elm {Ulmus alata), eastem cottonwood {Populus deltoides), bluff oak 
{Q. austrina), and various pines. Conmion shrubs include buttonbush, smooth siraiac, and various 
seedlings and saplings of local frees. Herbaceous species include needle rush {Juncus roemerianus), 
bulrush {Scirpus spp.), various grasses, and other herbaceous plants. It is not known if ALAAP 
wetlands have been delineated in accordance with procedures and methods described in the Army 
Corps ofEngineers Wetland Delineation Manual (Environmental Laboratory 1987). 
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Prior to occupancy of the site by the U.S. Army, the site probably contained several large 
natural wetland systems as part of the Coosa River floodplain, but the pre-existing wet areas were 
drained to prepare the site for constmction ofthe ALAAP facilities (ESE 1986). Wetlands currentiy 
occupy a total area of approximately 64 acres m Area B. hidividuaf wetlands range from 0.1 to 
14.2 acres. No specific fimctional analysis of wetlands at ALAAP has been conducted. However, 
wetiands at ALAAP provide for the retention of sediment and provide important habitat eleinents 
for beaver, various amphibians, reptiles, aquatic invertebrates (e.g., crayfish), several species offish, 
several species of waterfowl (e.g., wood duck [Aix sponsa], mallard [Anas platyrhynchos], and-
ring-necked duck [Aythya collaris], various hooded mergan&eT [Lophodytes cucuUatus], and 
shoveler [Anas clypeata]) (ESE 1993), and various other birds and mammals. 

2.7.4 Threatened and Endangered Plant Species 

Eight federally listed (five endangered and three threatened) plant species were identified as 
having the potential to occur on ALAAP. These species are listed in Table 2-4. Mid- to late-spring 
surveys for these species were conducted by ESE in 1990. No listed species were found on ALAAP 
during these surveys. 

Table 2-4. Potential Threatened and Endangered Plant Species 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Common Name Scientific Name Habitat 
Endangered 
Harperella 

Relict trillum 

Alabama leather flower 

Green pitcher plant 
Alabama canebrake 
pitcher plant 

Ptilimnium nodosum 

Trillium reliquum 

Clematis sodalis 

Sarracenia oreophila 
Sarracenia rubra 
var. alabamensis 

Shallow permanent and intermittent ponds and seep areas in 
pines 
Moist hardware forests with high organic soil content and 
little or no recent disturbance 
Bottomland hardwoods, roadside rights-of-way with silty clay 
soils 
Acidic wet areas along streams 
Sand Hill seeps, swamps, and bogs 

Threatened 
Little amphianthus 
American hart's tongue 
fem 
Mohris Barbara's 
buttons 

Amphianthus pusillus 
Phyllitis scolopendrium 
var. americana 
Marshallia mohrii 

Rock-rimmed pools with shallow sandy-silty soils 
Dolomitic limestone areas 

Sand clay along roadside rights-of-way, moist old field 
openings in woodlands 

2.8 WILDLIFE 

This section discusses the wdldlife at ALAAP and includes information on the potential for 
tiie occurrence of T&E wildlife species at ALAAP. The section is preceded by an overview ofthe 
wildlife of central Alabama that provides a point of reference for the ALAAP-specific discussions. 
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2.8.1 Regional Wildlife 

The wildlife of central Alabama is characteristic of the southeastem United States. Being 
near the transition from the southem Appalachian Mountains to the piedmont, and the associated 
vegetation variation of the transition, the region provides varied habitats, as discussed in 
Section 2.7.1, that support several plant and animal species near the limits of their natural ranges 
(southem limits for northem species and northem limits for southem species). The region supports 
abimdant breeding songbird populations. Several species of game anunals, such as white-tailed 
deer {Odocoileus virginiana), cotton-tail rabbit {Sylvilagus floridanus), and bobwhite quail 
{Colinus virginiana), are also abundant. The region is used as a migration flyway by several species 
of waterfowl that make use ofthe several large reservoirs, such as Guntersville and Weiss Lakes in 
northeast Alabama. 

2.8.2 ALAAP Wildlife 

The high degree of habitat interspersion and resulting edge habitat onsite is conducive to the 
presence of many game and nongame species. Edge habitat exists where two different habitat types 
border each other, such as a forest and an old field. Edge habitats are especially prevalent in Study 
Areas 6, 7, and 10, as well as along all roadways. Edge habitat can provide mOTe life requirements, 
such as feeding habitat in an old field and cover habitat in a forest, in a smaller area than a single 
type of habitat. Wildlife that are able to exploit varied habitat, such as white-tailed deer, generally 
have large populations on areas with such habitat mixes. Wildlife that require larger, unbroken 
tracts of habitat, such as songbirds that breed deep in forest interiors, are not present at ALAAP. 

Vertebrate wildlife were observed on ALAAP during onsite surveys. Several species, such 
as white-tailed deer, rabbit, and quail, are common m the habitat mixes of Area B. Beaver 
{Castor canadensis) have dammed some of the sfreams and ditches, especially the lower Crossover 
and Red Water Ditches, altering the habitat to meet their needs and providing habitat for other 
species, such as waterfowl and wading birds. Some species that were not observed but are likely to 
occur include both the striped {Mephitis mehpitis) and spotted skunk {Spilogale putorius), red 
{Vulpes -vulpes) and grey fox {Urocyon cinereoargenteus), and fox squirrel {Sciurus niger). These 
species are considered likely to occur because the site is within their natural ranges and ALAAP 
contains suitable habitats for these species. 

Several ofthe beaver ponds provide habitat for breeding, migrant, and wintering waterfowl. 
Species observed onsite at the ponds include wood duck, mallard, ring-necked duck, hooded 
merganser, and shoveler, with the wood duck and the mallard bemg the most common. 

The area used by such wdldlife species in its normal activities of feeding, reproducing, and 
rearing young is known as a home range. A home range provides all of the necessities of life 
(i.e., food, water, and cover) for an animal species and may be occupied by an individual, family 
group, or social group. Home ranges have irregular shapes and not all areas within a home range 
are used on a daily basis. The use of some areas within a home range may be seasonal. The 
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spacing of home ranges is often such that the individual or group is ensured a food supply that is not 
greatly encroached upon by others ofthe same species. Organisms are believed to have home range 
sizes at ALAAP that are similar to the home range sizes at other places in the southeastem United 
States. This precluded the need to measure the home range acreages^at ALAAP. Home ranges are 
as small as 0.5 acres for such small mariimals as shrews and as large as 1,600 acres or 2.5 mi for 
hawks. Intermediate sizes are approximately 9 acres for rabbits and 640 acres or 1 mî  for deer 
(Ambrose et al. 1983). More details and references on assumed home range sizes are presented in 
Section 7. 

2.8.3 Threatened and Endangered Wildlife Species 

The bald eagle {Haliaeetus leucocephalus) and the red-cockaded woodpecker 
{Picoides borealis) are listed as endangered by the U.S. Fish and Wildlife Service. Both species 
have the potential to occur onsite. No onsite surveys have been conducted for the bald eagle; onsite 
surveys for the red-cockaded woodpecker and onsite evaluations of potential habitat have been 
performed (ESE 1993). 

Bald eagles winter along Alabama river systems, including the Lay Lake impoundment on 
the Coosa River. This impoundment is created by Lay Dam, approximately 25 miles south of 
ALAAP. Alabama state persoimel have estimated that approximately six bald eagles use portions 
of Lay Lake seasonally from December through Febmary (ESE 1993). A larger wintering 
population uses Mitchell Lake, a water body that starts at Lay Dam and runs southward and 
downsfream for approximately 15 miles. Although the Coosa River (and the upper reaches of Lay 
Lake according to the USGS Childersburg quadrangle) flows near ALAAP, the occurrence of bald 
eagles onsite would be expected to be fransient and of a low probability. There are few nesting 
records for the bald eagle in Alabama. 

The closest known red-cockaded woodpecker populations are in Talladega National Forest, 
approximately 10 to 12 miles east of ALAAP. One active colony is approximately 15 miles 
southeast of ALAAP, and two other active coloniies were identified 20 and 21 miles east ofthe site. 
The red-cockaded woodpecker occurs in pine or mixed upland hardwood forests with open 
understories primarily in the piedmont and coastal plain of the southeastem United States. Onsite 
surveys and habitat evaluations were performed because of the proximity of these active colonies 
and the potential for suitable habitat to occur onsite, particularly in the pine forests at ALAAP. 
During field surveys there were no visual sightings of the red-cockaded woodpecker, nor was 
indirect evidence of its presence observed. Tree cores taken from some of the largest pines found 
onsite revealed ages of approximately 60 years (ESE 1993). These frees are nearing the age 
normally used by the red-cockaded woodpecker, but these frees occur only along drainages and not 
as stands at ALAAP. ESE (1993) evaluated the available habitat as marginal to unsuitable for 
red-cockaded woodpeckers. 
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3. METHODS AND PROCEDURES 

The technical approach, methods, protocols, and procedures used during the field 
investigations that Science Applications International Corporation (SAIC) conducted at tiie 
Alabama Army Ammunition Plant (ALAAP) - Area B are described below. The techniques and 
procedures that were used during this study were developed using guidance from Geotechnical 
Requirements for Drilling, Monitor Wells, Data Acquisition, and Reports (USATHAMA 1987), tiie 
Compendium of Superfund Field Operations Methods (EPA 1987a), Guidance for Conducting 
Remedial Investigations and Feasibility Studies Under CERCLA (EPA 1988a), and Environmental 
Compliance.Branch Standard Operating Procedures and Quality Assurance Branch (EPA 199Id). 
Areas of conflict between these guidance documents were resolved within the Final Supplemental 
Remedial hivestigation/Feasibility Study (RI/FS) Sampling and Analysis Plan (SAP)AVork Plan 
(SAIC 1995a) and tiie Quality Assurance Project Plan (QAPP) (SAIC 1995b), which were approved 
for implementation by tiie U.S. Army Environmental Center (USAEC), U.S. Environmental 
Protection Agency (EPA) Region IV, and the Alabama Department of Environmental Management 
(ADEM). Specific field technical procedures (FTPs) are detailed in tiie SAP/Work Plan 
(SAIC 1995a). Investigation activities outiined in the SAP/Work Plan were conducted from 
September 1994 through August 1995 and are referred to as the Phase 1 investigation. The majority 
of the Phase I sampling activities were implemented from March through August 1995. Three 
additional phases offield investigations were implemented at ALAAP - Area B. Phase 2 activities 
were conducted from May to July 1996 and are outiined in the Final Supplemental RI/FS 
SAP/Work Plan Addendum (SAIC 1996c). Phase 3 field activities were implemented from 
December 1996 to January 1997 and are outiined in the Final Supplemental RI/FS SAP/Work Plan 
Addendum 2 (SAIC 1996d). Phase 4A field activities were conducted in October and December 
1997 and are outlined in the Final Work Plan Addendum for Phase 4 Investigations (SAIC 1997). 

3.1 TECHNICAL APPROACH 

Details regarding the overall investigation strategy for data collection are provided in 
Section 3.1.1. The approach for multimedia sampling and the scope, objectives, and specific 
sampling rationale are provided in Section 3.1.2. 

3.1.1 OveraU Strategy 

The majority of the Area B study areas at ALAAP were investigated as source operable 
units wdth a sampling strategy that focused on identifying the vertical and horizontal extent of 
chemical contamination in soil and sediment in and around these areas. Because surface streams 
and ditches on ALAAP flow between study areas, the streams and their associated surface water and 
sediments were evaluated on a site-wide basis as individual study areas. Similarly, groundwater 
was investigated as a single unit across all of Area B. Monitoring wells were installed at strategic 
locations at or near the established study areas to complement existing wells while providing 
monitoring information between study areas. Existing data and sampling locations were used 
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extensively in developing the overall strategy. New monitoring well locations were established to 
fill data gaps identified during the initial review ofthe historical information and data. Phase 2 and 
3 field investigation activities were developed to fill data gaps and narrow the focus of the 
investigation to specific study areas and data needs identified following the Phase 1 RI activities. 
Phase 4A field investigation activities were conducted to fill data gaps at two study areas 
(the Acid/Organic Manufacturing Area [Study Area 8] and the Aniline Sludge Basin 
[Study Area 9]). 

Based on a review of the manufacturing processes (Section 1.4.2) and a review of previous 
studies and investigation results (Section 1.4.3), the initial focus of the Phase 1 Supplemental RI 
was to determine the horizontal and vertical extent of explosives and the principal detected 
compounds in soil and groundwater at ALAAP. Data from previous site investigations (ESE 1993) 
identified explosives to be reliable predictors ofthe occurrence of other contaminants, including 
other organic compounds and metals. Because of the large size of the facility (greater than 
2,000 acres), surface soil and sediment samples were collected systematically and screened fbr 
explosives, lead, or polychlorinated biphenyls (PCBs) in the field in an attempt to isolate locations 
of elevated contaminant concentrations within the study areas. 

As a result of the Phase 1 RI activities, possible source areas were identified for explosives 
and lead contamination that exists in the groundwater in the Smokeless Powder Facility 
(Study Area 2), Propellant Shipping Area (Study Area 17), Blending Tower Area (Study Area 18), 
Rifle Powder Finishing Area (Study Area 20), and background locations. The Flashing Ground 
(Study Area 16), Lead Facility (Study Area 19), and Demolition Landfill (Stiidy Area 22) also were 
identified as potential source areas for existing groundwater contamination. The overall objectives 
of the Phase 2 and 3 RI field activities were to obtain additional data to determine the source of 
groundwater contamination, determine if contaminants present are discharging to the Coosa River 
and surface water ponds at specific site areas, and support decisions pertaining to the need for 
remediation and recommendations for remedial actions in these areas. The overall objectives ofthe 
Phase 4 RI field activities were to obtain data to fiirther characterize groundwater contamination, 
determine if acid or organic chemicals have migrated from the Industrial Sewer System (ISS) at 
Study Area 8, determine the characteristics of a waste (tar-like) material at Study Area 9, and 
detennine if remedial actions of the tar-like material were necessary. Phase 4 groundwater 
investigations are ongoing to fiirther characterize the hydrogeology and contamination within 
Area B. This Supplemental RJ addresses groundwater studies conducted during Phases 1 through 3. 
The results ofthe Phase 4 groundwater studies will be presented in a separate report. 

Specifically, the Phase 2 investigation was conducted to verify the presence, chemical 
nature, concentiation, and distribution of groundwater contaminants in Study Areas 2, 16, 17, 18, 
19, 20, and background locations. Data collected during the Phase 2 field activities were used to 
narrow the focus for study areas to be investigated during the Phase 3 activities. 

p ' t . . 

During the Phase 3 investigation, monitoring wells were installed primarily in 
Study Areas 17 and 18 with an additional well placed in Study Area 2 to determine potential 
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sources of observed groundwater contamination within tiie southem,a^a of ALAAP - Area B. 
Wells also were installed in close proxiiiiity to Study Area 22 to fill data gaps between tiie 
background location, Area A, and Study Areas 16 and 19 and to determine if Study Area 22 was 
contributing to contamination detected in a shallow background well. 

During the Phase 4A investigation, test pits were excavated and soil samples were collected 
adjacent to and beneath tiie base of vaults (sumps) constmcted of brick and mortar located beneath 
manholes identified from historic maps and a survey (ESE 1992) ofthe ISS at Study Area 8. Test 
pits were excavated and soil samples were collected to detennine if waste water and materials 
traveling through the ISS"had migrated or leached from collection jDoints (manhole vaults) along the 
ISS. In addition to excavating test pits in Study Area 8, samples of waste (tar-like) material and 
sediment underiying tiie waste were collected from the soutiiem comer of Study Area 9 to 
determine if remedial actions are required specifically for the tar-like material. 

The combination of semi-quantitative field screening for nitroaromatic compounds, lead, 
and PCBs combined with quantitative confirmatory laboratory analyses (volatile organic 
compounds [VOCs], semivolatile organic compounds [SVOCs], explosives, explosives breakdown 
products, and metals) formed the basis ofthe soil and sediment investigations conducted at ALAAP. 
Investigation of surface water and groundwater from Area B and locations around ALAAP was 
conducted by sampling and quantitative laboratory analysis. 

During Phase 2, field screening and laboratory analyses were conducted on surface water 
samples, groundwater samples collected from constmcted monitoring wells, and in situ water 
collected at the water table from boreholes. During Phase 3, laboratory analyses were conducted on 
groundwater samples collected from newly constmcted and selected existing monitoring wells. 

Aquatic and tenestrial biota were sampled and analyzed during Phase 1 (see Section 3.7) to 
assess the potential ecological impact from compounds and elements detected at the site, 
Surrounding media (soil, surface water, or sediment) were collected in conjunction with all biota 
samples so that uptake from the sunounding media could be determined. Bioassay toxicity tests 
were conducted during Phase 1 to evaluate tiie toxicity of chemicals present in the environmental 
media and to help develop ecological remedial goal options (ecoRGOs). During Phase 2, additional 
laboratory bioassay toxicity tests were conducted to refine fiirther tiie ecoRGOs. Bioassays were 
conducted in support ofthe RI under the Army and regulatory guidance available at tiie time and 
with the consensus of the ALAAP stakeholders. Recent guidance recommends tiiat bioassays be 
conducted during the baseline ecological risk assessment (BERA) but does not prohibit them in 
earher screening-level ecological risk assessments (SERAs). 

3.1.2 Sampling Approach 

Field sampling conducted at ALAAP was based on the size and locations of tiie individual 
study areas, the potential media that may have been impacted by site activities, and by strategic 
positioning of monitoring locations around and between study areas. The approach for each 
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sampled medium is described below. Tables 3-1 through 3-4 summarize the chemical analyses 
conducted during each phase of field activities for soil (surface and subsurface), sediment, surface 
water, and groundwater samples collected from each study area on ALAAP. 

3.1.2.1 Chemical Field Screening 

Previous investigation results indicated that surface soil sampling was biased around a 
limited number of historical buildings and facilities. This infonnation was used as an indicator of 
the nature Ofthe contamination, but had limited use for delineating the horizontal or vertical extent 
of detected compounds because of tiie localized nature of the sampling. The following field 
screening analytical techniques were used to delineate the extent of contamination during the 
ALAAP RI: 

• A semi-quantitative analysis for nifroaromatic explosives (USACE 1990) 
• Field test kits for estimating total PCB concentiations (DTECH®) 
• Rapid (3 days) laboratory analysis for lead. 

Test results from field screening provided systematic data over large site areas so that timely 
decisions could be made in the field regarding the need for additional sampling and the need to alter 
sample locations. The selection of the appropriate test method was based on historical data and 
knowledge ofthe former site processes. 

Phase I Field Screening—Field screening for explosives, lead, and PCBs in surface soil, 
subsurface soil, and sediment was conducted during the Phase 1 activities. The lateral extent of 
contamination in surface soil (0 to 0.5 feet below land surface [BLS]) was delineated by sampling 
each study area using systematic rectangular grids with a distance between grid lines of 200 to 
500 feet, depending on the size of the study area. The starting point for each grid was established 
using randomly derived coordinates within the study area. The remaining grid points then were 
fixed by a predetermined grid spacing. Table 3-5 sunimarizes details of the grid spacing and the 
number offield screening samples analyzed from each study area during Phase 1. 

After reviewing the original building locations at ALAAP, study areas were subdivided to 
assess potential contamination near the buildings as well as the sunounding area. The overall site 
area was "stratified," or divided, into subareas that were homogeneous with respect to the 
anticipated distribution of chemical contamination. Each subarea (stratum) was sampled using the 
systematic approach described above. The larger grid spacing (500 feet) was used at Study Areas 2, 
8,17,18, and 20 based on the lack of historical buildmgs, non-manufacturing site usage, or the lack 
of historically detected compoimds at these sites. The locations of field screeiung sampling grids 
for surface soils at each study area are shown on Sheet 3-1. All sheets are provided at the end of 
the volume ofthe report. 
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Table 3-1. Summary of Rl Sampling and Analysis Program - Phase 1 
Alabama Army Ammunition Plant, Childersburg, Alabama 

study Area 

2-Smokeless Powder Facility 

3-Sanitary Landfill and Lead Facility 

4-Manhattan Proiect Area 

5-Red Water Storage Basin 

6-Southem TNT Manufacturing Area 

7-Ncnhem TNT Manufacturing Area 

8-Acid/Organic H^anufacturing Area 

9-Aniline Sludge Basin 

10-Tetryl Manufacturing Area 

16-Flasfiing Ground 

17-PrDpellant Shipping Area 

18-Blending Tower Area 

19-Lead Facility 

20-Rifle Powder Finishing Area 

21-Red Water Ditch 

22-Oemolition Landfill 

25-Storage Battery/Demolition Debris 

26-CcD$sover Ditch 

127-6eaver Pond Drainage System 

Building 6 - Coke Oven (CERFA) 

Transfonners (CERFA) 

USTs (CERFA) 

Gas Station (CERFA) 

Fertilizer/Pesticide Storage (CERFA) 

Talladega Creek 

Little Blue Creek 

Coosa River 

Flipper Creek 

Seep 

Background 

SoilfSedlment 

Field Screening 

Exploshfes 

• 

• 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

PCB 

• 

Lead 

• 

• 

• 

• 

• 

• 

VOCs 

• 

• 
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• 

• 

• 

• 

• 
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• 
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• 
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Explosives 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Explosives 
Breakdown 
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• 
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• J 
• 

• 

• 

• 

• 

Cr+6 

• 
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VOCs 

• 
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• ^ -

• 

• 

• 

• 1 '̂  
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• • 

• 

• 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Table 3-2. Summary of Rl Sampling and Analysis Program - Phase 2 
Alabama Army Ammunition Plant Childersburg, Alabama 

study 
Area 

2 

3 

4 

6 

8 

10 

16 

17 

18 

19 

20 

21 

22 

26 

27 

BK 

CO 

KC 

Soil/Sediment 

Field 
Screening 
Explosives 

SB 

\ 

SB 

SB 

SB 

Explosives 

SB 

SB 

SB 

SB 

SD 

SD 

Lead 

SB 

SS 

SS 

SB.SS 

SB 

SB • 

SS 

SS 

SS 

Metals 

SD 

SD 

SD 

SD 

Al 

SS 

SS 

ss 

ss 

ss 

ss 

Water 

Fieid 
Screening 
Explosives 

HW.GW 

GW 

GW 

GW 

GW 

GW 

GW 

HW,GW 

HW, GW 

GW 

GW 

SW 

GW, sw 

Explosives 

HW,GW 

GW 

GW 

GW 

GW 

GW 

HW.GW 

HW.GW 

HW.GW 

GW 

SW 

GW.SW 

SW 

GW 

Lead 

HW.GW 

GW 

GW 

GW 

GW 

GW 

HW.GW 

HW.GW 

HW, GW 

GW 

GW 

Metals 

GW 

GW 

SW 

SW 

GW.SW 

SW 

Al = Aluminum 
BK = Backgroimd 
CO = Coosa River 
GW = Groundwater 
HW = Borehole Water 

KC = Kimberly-Clark Corporation 
SB = Soil Boring 
SD = Sediment 
SS = Surface Soil 
SW = Surface Water 
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Table 3-3. Summary of Rl Sampling and Analysis Program - Phase 3 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Study Area 

2 

3 

4 

6 

16 

17 

18 

20 

22 

BK 

KC 

Soil 

Explosives 

SD 

' 

Metals 

SD 

• 

Water 

Explosives 

GW 

GW 

GW 

GW 

GW, SW 

GW 

GW 

GW 

GW 

GW 

GW 

Lead 

GW 

GW 

GW 

GW 

GW 

GW 

GW 

GW 

GW 

GW 

SVOCs 

GW 

GW 

Metals 

GW 

GW 

SW 

GW 

GW 

GW 

GW 

BK = Background 
GW = Groimdwater 
KC = Kimberly-Clark Corporation 

SD = Sediment 
SW = Surface Water 

Table 3^ . Summary of Rl Sampling and Analysis Program - Phase 4A 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Study 
Area 

8 

9 

Total 
Metals 

S 

SD 

VOCs 

SD, W 

SVOCs 

S 

SD,W 

TCLP 

W 

pH 

. S 

S = Soil sample, a soil sample was collected at the base 
(concrete footer) of each manhole vault (5 to 10 feet 
below land surface [BLS]) and a second sample was 
collected approximately 2 feet below the first sample (8 to 
12 feet BLS). 

W = Waste sample from tar-like material. 
SD = Sediment sample collected beneath tar-like material. 
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Table 3-5. Summary of Field Screening Samples Collected in Surfece Soils 
and Basin Sediments - Phase 1 

Alabama Army Ammunition Plant Childersburg, Alabama 

Study Area 

2 Smokeless Powder Facility 

3 Sanitary Landfill and Lead Facility 

4 Manhattan Project Area 

5 Red Water Storage Basin 

8 Acid/Organic Manufacturing Area 

9 Aniline Sludge Basin 

10 Tetryl Manufocturing Area 

16 Flashing Ground 

17 Propellant Shipping Area 

18 Blending Tower Area 

19 Lead Facility 

20 Rifle Powder Finishing Area 

22 Demolition Landfill 

25 Storage Battery/Demolition Debris 

27 Beaver Pond E)rainage System 

BK Background 

Area 
(square feet) 

3,230,259 

327,232 

140,297 

404,252 

. 4,534,958 

212,811 

4,722,882 

719,070 

5,485,026 

1,902,238 

116,281 

1,842,937 

77,258 

103,121 

1,318,416 

Grid Spacing 
(feet) 

200/500 

200 

200 

200 

200/500 

200 

200 

200 

500 

500 

200 

500 

200 • 

200 

200 

Total Screening 
Samples 

42 

11 

4 

11 

44 

16 

48 

101 

47 

8 

17 

7 

6 

3 

157 

10 

Field screening of surface soil and sediment samples during Phase 1 was conducted to 
assess the lateral extent of explosives, PCBs, VOCs, and lead contamination. The vertical extent of 
these types of soil contamination was assessed by field screening subsurface soil samples. Samples 
fi'om 55 soil borings were screened onsite during Phase 1. Soil boring locations were chosen by 
reviewing the surface soil screening results. The number of borings per study area was decided 
upon based on the size of the study area, historical land use, and potential for subsurface 
contamination. In general, soil screening samples were collected every 5 feet fi-om the ground 
surface to the encountered groundwater table or to a maximum depth of 30 feet in each boring. 

Field screening of sediments was conducted during Phase 1 for tiie presence of 
niti-oaromatic compounds witiiin tiie Red Water Ditch (Stiidy Area 21), the Crossover Ditch 
(Study Area 26), the Beaver Pond Drainage System (Study Area 27), tiie Red Water Storage Basin 
(Study Area 5), and Study Area 9 using samples collected systematically along transects or on grids. 
Sediment samples also were systematically collected and field-screened fi-om offsite surface water 
bodies, including Talladega Creek, tiie Coosa River, Littie Blue Creek, and Fanning Creek. 
Table 3-6 summarizes the grid spacing, square footage, and total number of sediment screening 
samples collected fi-om each study area analyzed during Phase 1. The locations of established 
transects and sediment sample locations at each study area are shown on Sheet 3-2. 
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-J 
Table 3-6. Field Screening Summary fbr Stream Sediments - Phase 1 

Alabama Army Ammunition Plant Childersburg, Alabama 

Study Area 

21 

26 

27 

TA 

BC 

CO 

FC 

Red Water Ditch 

Crossover Ditch 

Beaver Pond Drainage System 

Talladega Creek 

Little Blue Creek 

Coosa River 

Fanning Creek (Background) 

Area 
(square feet) 

13,059 

36,043 

13,400 

41,951 

15,840 

Grid Spacing 
(f^t) 

200/500 

200/500 

200/1,000 

200/500/5,280 

2,640 

Total Screening 
Samples 

260 

401 

157 

102 

6 

8 

3 

Phase 2 Field Screening—During Phase 2 field activities, groundwater, borehole water, 
subsurface soil, surface water, and sediment samples were screened in the field for explosives and 
explosives breakdown products using tiie Jenkins Metiiod (USACE 1990, USACE 1994). 
Table 3-7 summarizes the number ofsamples analyzed, sample locations, and study areas evaluated 
during the Phase 2 activities. The primary objective of the Phase 2 screening activities was to 
screen groundwater collected fi-om existing monitoring wells and boreholes and use this information 
to place additional soil borings and monitoring wells. Explosives screening was conducted in the 
field to provide real time results that could be used to expedite and modify the field investigation 
(i.e., change sample locations). Soil samples were collected fi-om soil borings at the soil/water 
interface in conjunction with water samples from within the borehole and used to determine 
potential correlations between soil and groundwater explosives concentrations. Locations of soil 
borings from which these soil and water samples were collected are identified in Figure 3-1. 
Borehole water sample locations (i.e., HW-I8-076) correspond with soil boring sample locations 
(i.e., SB-18-076). 

Table 3-7. Summary of Field Screening Samples Collected in Surface Water, 
Sediment Soil, Groundwater, and Borehole Water - Phase 2 
Alabama Army Ammunition Plant Childersburg, Alabama 

Media 

Subsurface Soil 

Sediment 

Surface Water 

Groundwater 

Borehole Water 

Number of 
Samples 
Analyzed 

31 

1 

8 

73 

34 

Analytes 

DNT, TNT 

DNT, TNT 

DNT, TNT 

DNT, TNT 

DNT, TNT 

Number of 
Sample 

Locations 

12 boreholes 

1 

4 

48 wells 

18 boreholes 

Study Areas 

2,17,18 

21 

27, BK 

2,3 ,4 ,5 ,6 ,8 , 10, 16, 17, 18 20,21, BK 

2,17,18, BK 

DNT = Dinitrotoluene 
TNT = Trinitrotoluene 
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For each soil boring, a water sample was collected from the borehole for field screening for 
\ , ^^ explosives. During Phase 2, samples were screened for 2,4-dinitrotoluene (2,4-DNT) as well as 

2,4,6-trinitrotoluene (TNT) ifthe sample extract indicated the presence of 2,4-DNT. Subsurface soil 
samples were collected at the borehole soil/water interface to compare soil contaminant and 
groundwater contaminant concentrations. Table 3-8 summarizes the subsurface field screening 
analysis of borehole samples in each study area. Table 3-9. presents borehole samples collected 
from each study area that were submitted for confirmatory analysis. 

Four surface water and one sediment sample were collected and field screened for 
explosives and explosives breakdown products during the Phase 2 activities. Sampling rationale 
and locations are discussed in Sections 3.1.2.5 and 3.1.2.7. Sediment and surface water sample 
screening locations are identified on Sheets 3-2 and 3-4, respectively. The Phase 2 field screening 
results are summarized in Section 4. Complete Phase 2 field screening results and associated 
quality control (QC) data are presented in Appendix C. 

3.11.2.2 Surface Soil Sampling 

During the Phase 1 Rl activities, samples were sent to the laboratory following field 
screening to confinn the chemical nature and extent of contamination within study areas at Area B. 
Approximately 10 percent ofthe total number of soil samples from each study area (or a minimum 
of three samples) were selected for the analysis of explosives, explosives breakdown products, 
VOCs, SVOCs, total metals, hexavalent chroinium, and total organic carbon (TOC) (see Table 3-1). 

^̂ mr Samples submitted for laboratory analysis were selected based on the field screening results to 
confirm the presence or absence of explosives in the surface soil. 

During Phase 2 RI activities, one surface soil sample was collected in the Sanitary Landfill 
and Lead Facility (Study Area 3); Manhattan Project Area (Study Area 4); Study Areas 16, 19, and 
22; and background. The soil samples were not screened in the field. The samples were submitted 
for laboratory analysis of aluminum and lead and used to support the additional ecotoxicological 
bioassay studies. A summaiy of study areas where the soil samples were collected during Phase 2 
are provided in Table 3-2. The locations of confirmatory samples are shown in Figure 3-2. The 
results ofthe surface soil sample laboratory analyses are provided in Section 4. 

3.1.2.3 Subsurfiace Soii Sampling 

During the Phase 1 investigation, soil boring locations (see Figure 3-1) were selected based 
on the field chemical screening results (i.e., explosives screening and quick-turnaround lead). Soil 
borings were located in areas where the surface screening results showed the highest concentrations 
of surface contamination. Soil samples were collected from the borings at 5-foot intervals and 
screened using the appropriate screening method for each study area (see Table 3-1). Each soil 
boring was drilled to 25 feet BLS. 
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Table 3-8. Soil Borings, Summary of Subsurface Field Screening Analysis - Phase 2 
Alabama Army Ammunition Plant, Childersburg, Alabama 

study 
Area 

2 

17 

18 

20 

Borehole ID 

SB-02-066 
SB-02-069 
SB-02-070 
SB-02-072 
SB-02-074 
SB-17-080 
SB-17-081 
SB-17-082 
SB-17-083 
SB-18-086 
SB-18-076 
SB-18-078 
SB-18-079 
SB-18-084 
SB-18-085 
SB-18-087 

Sample Depth (feet BLS) 

Soil 

1-27' 
62-64 
47-49 

33-35 

43-45 

48-50 
51 

48-50 
43-45 
38-40 

Borehole 
MS 3/5/99 

20.9 
• • 

** 

, 25.4 
18.1 

*if 

55.6' 
44.0 
46.1 • 
30.2 
*« 
** 

35.5 
49.4 
28.1 
29.1 

Analysis 

Explosives 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

\ ^ 

BLS = Below Land Surfece 
•* = Sample was screened, but sample depth was not recorded. 
a = Screened from 1 to 3, 5 to 7, 10 to 12, 15 to 17,20 to 22, and 25 to 27 feet BLS. 

Table 3-9. Soil Borings, Summary of Subsurfece Confirmatory Analysis - Phase 2 
Alabama Army Ammunition Plant, Childersburg, Alabama 

study 
Area 

2 

16 

•17 

18 

Borehole ID 

SB-02-003 
SB-02-066 
SB-16-001 
SB-16-002 
SB-16-003 
SB-16-005 
SB-16-006 
SB-16-007 
SB-17-080 
SB-17-083 
SB-18-076 
SB-18-077 
SB-18-078 

Sample Depth (feet BLS) 

Soil 

26 
49 
• 

33 
* 

64 
57 

44 
51 
53 
43 

Borehole 
Water 
24.5 
20.9 
** 

32.6 
** 

82.4 
41.4 
40.9 
45.0 
50.0 
51.0 
52.0 
52.0 

Analysis 

Explosives 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Lead 

• 
• 
• 
• 
• 

• . • • 

• 
• 
/ 
• 
• 
• 
• 

BLS = Below Land Surface 
* = Soil samples were not collected at this location. 
• • = Borehole water samples were not collected if groundwater was absent from the borehole. W^ 
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W^ 

Soil borings drilled during Phase 2 activities were drilled to the water table in Study Areas 2, 
16, 17, 18, and 20. A soil sample was collected from the boreholes just above the water table and a 
groundwater sample was collected in the upper portion of the water table. In some instances, 
neither a soil nor water sample could be obtained because the water table was not encountered prior 
to encountering bedrock or auger refiisal. Samples were screened at the onsite laboratory for 
explosives. If explosives were detected using the field screening method, the sample was sent to the 
laboratory for analysis of explosives and explosives breakdown products. The screening and 
laboratory data were intended to delineate the presence of contamination in or just above the water 
table. Study areas where soil borings were drilled during the Phase 2 investigation are provided in 
Table 3-9 along with the chemical analyses requested. The soil boring locations are shown in 
Figure 3-2. 

3.1.2.4 Test Pit Soil Sampling 

During the Phase 4A iuvestigation, five test pits were excavated at the Study Area 8 ISS 
manholes. Test pits also had been excavated alongside selected ISS manholes during the FS 
conducted in 1992 by Environmental Science and Engineering (ESE); however, compoimds that 
were expected to be detected within the ISS based on the past production activities (e.g., acids and 
organics) were not scoped for analysis in the FS (ESE 1992). Test pits were excavated at five ISS 
manhole locations to determine if organic or metal contamination has migrated from structures 
beneath manholes and into the surrounding soils as a result of past waste disposal activities at the 
site. The manhole vaults (sumps) at each manhole location were constructed of mortar and brick 
and the manhole vaults were constructed on a concrete footer. The locations of the test pits were 
identified based on the ISS FS results (e.g., condition ofthe located manholes and soil pH) and the 
depth of the manhole. Vaulted areas located beneath manholes were selected with total depths no 
greater than approximately 10 feet BLS to ensure that the data would be incorporated into the 
human health risk assessment. A secondary objective in choosing the test pit locations was to fiilly 
characterize the Study Area 8 ISS by locating test pits at manhole locations along both the main ISS 
line that discharged liquid wastes into the Red Water Ditch and the main ISS line that discharged 
liquid wastes into the Coosa River via manmade open ditches, including locations at significant 
jimctions within the system (where feeder lines join either one of the two main ISS hnes). The 
following test pits were excavated: MH-8-1, MH-8-8, MH-8-9, MH-8-18, and MH-8-23. The test 
pit locations are provided in Figure 3-3. 

During the Phase 4A RI, test pits were excavated as close as possible to each of the five 
selected manholes. Two samples were collected from each test pit. Samples were collected in soils 
that exhibited soil discoloration or staining. One soil sample was collected at a depth comparable to 
the base (5 to 10 feet) ofthe floor and the second soil sample was collected at a depth approximately 
2 feet below the bottom (8 to 12 feet) ofthe concrete footer. The 10 soil samples collected from the 
test pit excavations were sent to the laboratory and analyzed for soU pH, total metals, and SVOCs. 
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3.1.2.5 Sediment Sampling 

Based on the results of a previous risk assessment conducted at Area B (ESE 1993), 
preliminary remediation goals (PRGs).for TNT (647 and 34.3 îg/g) and lead (250 and 200 ^g/g) 
were estabUshed for industrial and residential site usage, respectively. These PRGs were approved 
in the Interim Record of Decision for Study Areas 6, 7, 10, and 21 (Weston I994d) and were the 
most current available when the Phase 1 field investigation was conducted. Sediment samples were 
collected during Phase 1 activities along transects perpendicular to the surface water drainages and 
site ditches, including the Beaver Pond drainages, Talladega Creek and tributaries, Little Blue 
Creek, and the Coosa River. Transects were established at 200- or 500-foot intervals along the 
onsite ditches and drainages, depending on the location and length of the stream. The transect 
interval and sample information is provided in Table 3-6. Five samples (A through E) were 
collected along each transect for field screening analyses. For every tenth transect within each 
investigated surface water drainage, sediment samples were collected for confirmatory laboratory 
analyses, including VOCs, SVOCs, explosives, explosives breakdown products, and metals 
analyses. Sediment samples that were collected fiioih o^ite streams and the Coosa River were 
collected at larger intervals, as indicated in Table 3-6. The locations ofthe confinnatory sediment 
samples are shown on Sheet 3-3. 

Sediment samples were collected during the Phase 2 investigation to fill data gaps identified 
as a result of the Phase 1 RI. One sediment sample was collected from Study Area 21 at the 
location where the Red Water Ditch exits the Area B property to determine the potential for 
explosives migration from this study area. Sediment samples were collected from the swamps and 
wetlands north of Study Area 18 to determine if contaminants present in the groimdwater are 
migrating to surface water bodies. Finally, sediment samples were collected from Study Areas 21, 
26, 27, and Fanning Creek to support the additional ecotoxicological bioassay studies. Table 3-2 
summarizes the study areas where sedunent samples were collected during Phase 2 and the 
chemical analyses requested for each sample. The sediment sample locations are shown on 
Sheet 3-3. 

During the Phase 4A investigation, sediment samples were collected from four locations 
within Study Area 9. At two ofthe locations (SD-09-001 and SD-09-002), samples were collected 
in the sediment directly imder locations where samples of the tar-like waste were collected 
(TAR-09-001 and TAR-09-002). Samples were collected at the remaining two locations 
(SD-09-003 and SD-09-004) from sediment beneath the outer exti-emes of the tar-like waste to 
provide an overall distribution of chemical constituents potentially leaching into the sediment 
underlying the waste material! The sediment sample locations are shown on Sheet 3-3. The samples 
were analyzed af the laboratory for VOCs, SVOCs, and metals. 

3.1.2.6 Tar Sampling 

A waste (tar-like) material exists at the surface in the southem section of Study Area 9. The 
origin and time of disposition ofthe waste material is unknown; however, from visual inspection of 
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the tar-like substance, it is thought that the material is not associated with the documented use ofthe 
basm. 

During the Phase 4A mvestigation, waste (tar-like) samples were collected in the center of 
the solidified waste area just below the hardened, weathered surface of the material 
(approximately 0.5 feet BLS) at two locations in Study Area 9. The locations ofthe tar samples are 
shown on Sheet 3-3. The samples were collected and analyzed at a laboratory for metals, VOCs, 
SVOCs, pesticides, cyanide, and toxicity characteristics leaching procedure (TCLP) to establish if 
the waste was a Resource Conservation and Recovery Act (RCRA) hazardous or nonhazardous 
waste. 

3.1.2.7 Surfece Water Sampling 

Surface water sample locations were selected during the Phase 1 activities to characterize 
water quality in each standing water body and drainage in Area B and from surface water drainages 
surrounding ALAAP (Coosa River, Talladega Creek, and Little Blue Creek). The surface water 
sample locations are shown on Sheet 3-4. Instantaneous flow measurements were not made at the 
sampling locations because of the low flow conditions in the streams. Filtered and unfiltered 
samples from four locations were zinalyzed for the parameters listed in Table 3-1. 

During Phases 2 and 3 of the RI, additional surface water samples were collected to fill data 
gaps identified as a result of the Phase 1 investigation. Samples were collected fi^m the Coosa 
River at approximate locations corresponding to sediment sample locations estabUshed during the 
Phase 1 investigation. These samples were collected to determine if contaminants present in the 
groundwater are migrating and discharging to the Coosa River. Surface water samples were 
coUected from swamps and wetlands north of Study Area 18 (at locations corresponding to the 
sediment samples) to determine if contaminants present in the groundwater are migrating to the 
surface water bodies. Finally, surface water samples were collected from Study Areas 16, 21,27, a 
groundwater seep, and Farming Creek to support the additional ecotoxicological bioassay studies. 
The study areas where surface water samples were collected during Phases 2 and 3 are shown in 
Tables 3-2 and 3-3 along with the chemical analyses requested. The surface water samples from the 
swamps and the groundwater seep were field screened for explosives and are shovvn in Table 3-7. 
The locations where surface water samples were collected are shown on Sheet 3-4. 

3.1.2.8 Groundwater Sampling 

Prior to initiating the instaUation of groundwater monitoring wells during the Phase 1 
investigation, groundwater samples were collected from 48 existing weUs that were located within 
an area of historicaUy detected inorganic and organic chemical compounds. The sampling was 
conducted to obtain time-coincident, frill parameter (VOCs, SVOCs, explosives, explosives 
breakdown products, metals) chemical analyses from the area and to fill a data gap in the historical 
data. Based on tfae results of the initial groimdwater sampling round, the locations of existing 
liionitoring weUs, and the locations of potential contaminant source areas, 40 additional monitoring 

Final RI Report 3-17 August 2001 



Methods and Procedures 

wells (see Sheet 3-5) were located and installed during Phase 1 (see Table 3-10). The monitoring 
wells were strategicaUy located with respect to the existing well network and provided both study 
area specific and general ALAAP groundwater monitoring coverage. Subsequentiy, the 40 new 
wells and 50 existing wells were sampled for explosives, explosives breakdown products, VOCs, 
SVOCs, total and dissolved metals, pH, and specific conductance to characterize groundwater 
chemistry over all of Area B. Dissolved metals were analyzed for selected groundwater samples. 

Twenty-one additional weUs were installed during the field activities conducted during 
Phases 2 and 3. Table 3-10 shows the monitoring wells installed during Phases 2 and 3. 
Groundwater samples were collected during each phase to determine fiirther the source of 
groundwater contamination identified in Phase 1, fiU m data gaps in the southem area of ALAAP -
Area B, and provide a second round of groundwater results for the 40 new wells installed during 
Phase 1. Preceding each phase offield activities, groundwater sample locations were selected based 
on analytical results obtained from groundwater sampling, elevated contaminant concentrations in 
existing wells, and weUs in strategic locations. Groundwater samples from weUs were field 
screened for explosives and analyzed at the laboratory during the Phase 2 sampling event. 
Groundwater samples collected from newly instaUed monitoring wells duiing Phases 2 and 3 were 
analyzed for metals, explosives, and explosives breakdown products. All other groundwater 
samples coUected during Phases 2 and 3 were analyzed for lead, explosives, and explosives 
breakdown products. Lead was selected as the metal for analysis because previous sampling 
indicated that lead contamination of the groundwater was pervasive in comparison to aU other 
metals. 

3.1.2.9 Exploratory Investigation 

Several potential areas of concem were identified in the Community Environmental 
Response FaciUtation Act (CERFA) report (TETC 1994) and from discussions with USAEC and 
the facility caretaker. Because little or no information existed for these CERFA sites, biased 
exploratory sampling was conducted to assess the potential presence of soU contamination or buried 
tanks on the sites. Sampling points were located based on stains or proximity to site features 
(i.e., drums, poles, and buildings) and field screening for PCBs was completed on the soil samples 
at sites with suspected PCB contamination. Surface soil confirmatory samples were coUected from 
each area and at least one soU boring was drilled in each area. Laboratory analyses conducted on 
samples obtained from the CERFA sites are summarized in Table 3-1. The locations of the 
CERFA-related samplmg points are shown on Sheet 3-6. 

Two underground storage tank (UST) locations and a former gas station were identified in 
the CERFA report (TETC 1994) aid an additional UST location was identified by the ALAAP 
caretaker. Each site had been the subject ofa previous removal action. Geophysical surveys were 
conducted at the four locations prior to chemical screenmg or sampUng to investigate the presence 
of USTs and assist in the placement of soil borings. The locations of geophysical surveying 
associated with the CERFA sites are shown in Figure 3-4. 
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Table 3-10. Well Installation Data - SAIC Wells 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Well U 

GW-BK-001 

GW-BK-02BR 

GW-02-001 

GW-02-002 

GW-02-003* 

GW-02-005* 

GW-03-OOr 

GW-03-002 

GW-03-003 

GW-03-004 

GW-03-005* 

GW-04-001 

GW-04-02BR 

GW-04-003 

GW-04-004 

GW-05-001 

GW-06-001 

GW-06-002 

GW-08-001 

GW-08-02BR 

GW-10-001 

GW-10-002 

GW-10-03BR 

GW-10-004 

GW-10-005 

GW-10-006 

GW-16-002* 

GW-16-003* ^ 

GW-16-005* 

GW-16-006* 

GW-16-007* 

Phase 
Installed 

2 

3 

2 

2 

2 

2 

2 

Study 
Area 

background 

background 

2 • 

2 

2 

2 

3 

• 3 

3 

3 

3 • 

2 

4 

4 

4 

4 

8 

6 

8 

8 

10 

10 

10 

10 

10 

10 

16 

16 

16 

16 

16 

Elevation (msl) 
Top of Casing 

(TOC) 

437.06 

437.66 

433.59 

449.36 

424.63 

438.54 

423.65 

449.50 

454.96 

420.74 

421.16 

427.54 

420.95 

418.68 

418.68 

421.67 

427.60 

426.23 

437.58 

427.92 

434.92 

436.99. 

432.88 

425.92 

435.71 

433.19 

470.52 

458.25 

495.04 

447.65 

457.63 

Screened 
Interval 
(BLS) 

40.3 - 30.3 

75.0-65.0 

35.6 - 25.6 

44.0-34.0 

32.35-22.60 

61.1-51.1 

27.5 - 17.5 

70.7 - 60.7 

58.8-48.8 

21.1-11.1 

20.8-10.8 

25.1 - 15.1 

63.8-43.8 

42.0-32.0 

29.6 - 19.6 

27.4 - 17.4 

28.8-18.8 

16.7-6.7 

41.6-31.6 

. 105.7-75.7 

31.1-21.1 

55.9-45.9 

62.4-42.4 

45.0-35.0 

36.4-26.4 

25.2 - 15.2 

34.95-25.20 

44.55-34.81 

86.78-77.03 

61.96-52.21 

55.68-45.93 

Sand Pack 
Interval 
(BLS) 

23.8-43.0 

NA 

37.8-18.1 

47.0-28.9 

32.8-17.9 

63.0-45.5 

31.7-12.5 

71.7-51.8 

60.0 - 39.9 

23.5-6.1 

22.0-8.0 

25.6-10.0 

67.10-37.5 

43.6 -26.6 

31.0-15.0 

28.5 - 10.0 

30.0 - 14.2 

18.0-4.6 

42.5 - 25.5 

NA . 

32.0-11.0 

57.2-36.5 

63.5-36.1 

46.9-27.2 

37.2-19.2 

28.0 - 9.2 

37.6-19.20 

45.3-27.3 

86.0-71.2 

63.0-46.8 

57.0-38.3 

Total 
Depth 

(BTOC) 

43.1 

77.7 

38.4 

47.0 

35.4 

64.0 

30.3 

73.5 

61.6 

23.9 

23.7 

27.9 

66.5 

44.8 

32.4 

30.3 

31.6 

19.5 

43.4 

108.6 

33.7 

58.7 

65.3 

47.8 

39.2 

28.0 

38.1 

47.4 

90.0 

65.2 

59.1 

* Pre-pack Well Screen 
BLS = Below Land Surface 
TOC = Top of Casing 
BTOC = Below Top of Casing 
msl = Mean Sea Level 
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Table 3-10. Well Installation Data - SAIC Wells 
Alabama Army Ammunition Plant Childersburg, Alabama (Continued) 

Well H 

GW-17-001 

GW-17-002 

GW-17-003 

GW-17-004 

GW-17-005 

GW-17-006 

GW-17-007 

GW-17-09BR 

GW-17-10BR 

GW-17-011* 

GW-17-012* 

GW-17.013* 

GW-17-014* 

GW-17-015* 

GW-17-016* 

GW-17-018* 

GW-17-019* 

GW-18-001 

GW-18-002 

GW-18-003 

GW-18-005* 

GW-18-006* 

GW-18-007* 

GW-20-01BR 

GW-20-002 

GW-20-03BR 

GW-21-01BR 

GW-21-02BR 

GW-22-001* 

GW-22-002* 

Phase 
Installed 

J 

Study 
Area 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

18 

18 

20 

18 

20 

20 

20 

20 

20 

2 

2 

22 

22 

Elevation (msl) 
Top of Casing 

(TOC) 

466.04 

469.42 

458.66 

463.33 

498.62 

460.02 

499.49 

466.72 

497.10 

465.68 

455.28 

491.38 

535.01 

470.20 

488.10 

431.98 

456.10 

442.49 

428.30 

432.86 

472.22 

438.18 

424.91 

436.81 

424.04 

423.44 

427.40 

433.54 

453:88 

451.85 

Screened 
Interval 
(BLS) 

36.9-26.9 

40.1-30.1 

29.0-19.0 

54.2-44.2 

45.9-35.9 

35.9-25.9 

41.1-31.1 

119.6-99.6 

139.6-119.6 

54.14-44.30 

82.1-72.35 

88.30-78.48 

122.48-112.65 

64.6-54.85 

79.35-69.35 

50.6-40.6 

62.1-52.35 

41.7-31.7 

25.0-15.0 

45.8-35.8 

78.4-68.4 

53.6-43.85 

21.6-11.6 

71.2-51.2 

19.4-9.4 

56.0-36.0 

62.6-42.6 

86.0-66.0 

53.3-43.55 

40.6-30.85 

Sand Pack 
Interval 
(BLS) 

37.5-21.5 

41.5-24.0 

35.0-16.5 

55.5-37.8 

49.0-30.8 

38.0-19.3 

42.0 - 26.0 

NA 

140.0-113.0 

56.00-32.80 

83.0-67.0 

91.0-68.10 

124.0-91.60 

66.0-44.8 

81.0-57.2 

53.0-36.8 

63.8-47.0 

43.5-24.1 

26.5-10.6 

47.3-29.6 

80-63.7 

56.0-34.0 

23.0-9.2 

71.6-45.2 

20.7 - 5.8 

59.0-31.0 

63.0-37.0 

90.0-59.0 

54.2-38.5 

41.5-25.85 

Total 
Depth 

(BTOC) 

39.4 

43.1 

34.8 

57.0 

48.3 

38.7 

43.7 

122.6 

142.3 

57.0 

85.0 

91.2 

125.4 

67.5 

82.3 

53.5 

65.0 

44.5 

26.8 

48.6 

81.3 

56.5 

24.5 

74.1 

22.2 

58.9 

65.3 

88.8 

56.2 

43.5 

* Pre-pack Well Screen 
BLS = Below Land Surface 
TOC = Top of Casing 
BTOC = Below Top of Casing 
msl = Mean Sea Level 
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3.2 WELL INVENTORY 

As part of the Phase 1 field activities at ALAAP, an inventory of the existmg monitoring 
weU network in both Areas A and B on ALAAP was completed to assess the condition and confirm 
the presence ofthe wells previously instaUed on the faciUty. The weU inventory was conducted in 
September 1994 by a five-man field crew assisted by the ALAAP site caretaker. A total of 89 well 
locations were identified with 3 weUs (i.e., P-23, P-24, and P-76) observed to be either desh-oyed or 
abandoned. Twenty additional weUs could not be located either because they were improperly 
located, had been destroyed, or were concealed by dense vegetation. The 1994 well inventory 
results are provided in Table 3-11 and inventory sheets for each weU are provided in Appendix A. 

3.3 AERIAL MAPPING AND TOPOGRAPHIC SURVEYING 

Aerial surveying was conducted over ALAAP - Area B as part of Phase 1 of the 
Supplemental Rl to accurately locate and map site features, including roads, traUs, streams, ponds, 
and buUding structures using the Alabama (east) State Planar Coordinate System (ASPCS). An 
additional objective of the aerial survey was to produce a detaUed topographic map of Area B and 
portions of the AUiance Coosa Pines (formerly Kimberly-Clark) faciUty bordering the southem 
property boundary of Area B. Land surveying was completed at the site to provide ground control 
for the aerial survey, re-survey existing monitoring weUs (using the ASPCS) that were previously 
surveyed in the local ALAAP coordinate system, verify the elevations of previously surveyed weUs, 
and locate and obtain top of casing elevations for all newly instaUed monitoring wells and stafi" 
gauges. 

3.3.1 Aerial Survey 

The aerial survey of Area B was completed to map ground topography and site features and 
to obtain an accurate and current representation of the instaUation. Aerial photography was 
obtained at an average height of 3,600 feet above the mean terrain surface. The site was flown in an 
east/west direction along three flight lines with photographic coverage consisting of 23 black and 
white overlapping exposures obtained with 60 percent forward overlap and 30 percent lateral 
overlap to ensure complete coverage of the installation. The aerial survey was completed in 
February 1995 under conditions of reduced shadowing and a time of year when vegetation on 
ALAAP was minimal. 

Using the rectified photographic coverage, a topographic map was produced using 
13 existing groundwater monitoring weU locations and 7 surveyed benchmark locations as ground 
confrol. The map was produced conforming to National Map Accuracy Standards for a map scale 
of 1 inch = 400 feet with 2-foot contour intervals. Features were mapped to a horizontal accuracy of 
0.025 inches and a vertical accuracy of 1 foot with spot elevations within 0.5 feet Aerial surveying, 
photogrammetry, and mapping of Area B was completed by Air Survey Corporation of Sterling, 
Vfrginia. 
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Table 3-11. Well Inventory - September 1994 
Alabama Army Ammunition Plant, Childersburg, Alabama 

n •a o 

to 

CO 

S) 
o 
o 

Weil 

D-l 
D-2 
D-3 
D^ 
D-5 
D-6 

D-7 
D-7B 

D-8 
D-9 

D-10 

D - l l 

D-12 

D-13 

D-14 

D-15 

D-16 

D-17 

D-18 

D-19 

D-20 

C-IA 

C- IB 

C- IC 

C-2 
C-3A 

C-3B 

C-3C 

"D" 
"F" 
"G" 

Depth 
to Water 

(9/94) 

Well Not Located 

25.45 

21.61 

11.68 

Wel l Not Located 

8.79 . 
• • 

Well Not Located 

18.12 

Well Not Located 

15.20 

34.40 

25.32. 

26.30 

27.52 

46.44 

Well Not Located 

62.23 

-109 

, 59.58 

79.97 

>100 

Well Not Located 

Well Not Located 

Wel l Not Located 

19.60 

22.05 

19.70 

20.08 

30.14 

.. 12.88 

10.17 

Measured 
Depth 

(BTOC) 

74.65 

65.35 

80.51 

NR 

130.26 

58.37 

85.70 

103.10 

105.60 

101.71 

106.50 

190.40 

199.50 

140.40 

151.75 

-112 

47.44 

48.99 

27.91 

37.91 

41.95 

17.13 

36.16 

As Built 
Depth 

72.90 

64.60 

114.80 

45.70 

130.00 

56.00 

83.50 

98.30 

103.00 

99.50 

93.50 

188.50 

188.80 

130.00 

148.60 

NR 

68.00 

46.40 

25.00 

35.00 

Lock 

« 

* 

* 
* 
* 
* 
* 
* 

* 

# 
* 

'* 

* 

Label 

* 

• 
* 
• 
* 
* 

* 

* 
* 
* 
* 

Protective 
Casing 
(diam) 

0.70 

0.70 

0.70 

0.70 

0.73 

0.70 

0.75 

0.75 

.0.75 

0.75 

0.75 

0.75 

Bumper 
Posts 

m 

2 

4 

* 
4 
4 
4 
3 

* 

4 
4 
4 
3 

1 
1 

Surface 
Pad 

* 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

» 
* 
• 

TOC 
Stickup 
(feet) 

0.95 

0.88 

1.23 

0.50 

1.91 

1.79 

1.58 

2.42 

2.50 

2.17 

2.25 

2.20 

2.00 

2.25 

2.00 

-2.45 

2.01 

2.12 

2.17 

Well 
Cap 
Type 

VL 
V 
V 

V 

V 

V . 

v 
v 
V 
V 
V 

v 

V 
V 

• v 

V 

VL 

v 
v 

Visible 
Damage 

* 

* 

Piezometer 
or Bailer in 

Well 

piez 

piez 

piez 

Comments 
Observations 

Well casing broken off at surface 

Black silt on bottom 

Brown-gray sill on bottom 

Piezometer rises above well casing, cap 
2 feet long 

Soft bottom 

Soft bottom 

Cap froze, screw of f top 0.3.feet o f well 
casing 

Firm bottom | 

Ants all over well casing and inside well 

Plumb weight lost in well 

2-inch diameter PVC 

2-inch diameter PVC 

v 
VL 
ES 

Vented 
Vented Locking 
Expandable Seal 

I 
Q 

I 
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Table 3-11. Well Inventory ~ September 1994 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

n •a o 

ts) 

> c 
OQ 
e 

O 
o 

Well 

"H" 

"1" 

P-1 

P-2 

P-3 

P-4 

P-5 

P-6 

P-7 

P-8 

P-9 

P-10 

P-11 

P-12 

P-13 

P-14 

P-15 

P-16 

P-17 

P-18 

P-19 

P-20 

P-21 

P-22 

P-23 

P-24 

P-25 

Depth 
to Water 

(9/94) 

12.48 

12.52 

Well Not Located 

Well Not Located 

Well Not Located 

18.60 

24.55 

Well Not Located 

17.75 

16.24 

Well Not Located 

15.28 

14.63 

22.62 

23.74 

26.12 

31.04 

Well Not Located 

22.74 

19.92 

Well Not Located 

Well Not Located 

30.59 

9.96 

Well Destroyed 

Well Destroyed 

38.73 

Measured 
Depth 

(BTOC) 

51.31 

24.91 

32.50 

31.30 

26.40 

24.48 

33.10 

20.09 

38.09 

31.37 

39.82 

32.75 

37.60 

22.78 

Feb-00 

Jan-00 

39.10 

As Built 
Depth 

« 
31.50 

30.00 

26.50 

21.50 

30.00 

17.00 

35.00 

30.00 

37.50 

31.50 

36.50 

21.50 

34.90 

26.50 

43.00 

Lock 

« 

« 

« 

* 
* 

* 

• 

*' 

Label 
Protective 

Casing 
(diam) 

• 

0.75 

Bumper 
Posts 
(#) 
1 

1 

1 

* 

Surface 
Pad 

• 

* 

« 

* 
* 

* 

Gravel 

TOC 
Stickup 
(feet) 

1.00 

2.00 

3.60 

2.40 

-2.13 

-2.18 

3.05 

2.45 

3.09 

2.26 

2.84 

2.55 

NR 

3.16 

-2.45 

NR 

2.50 

Well 
Cap 
Type 

V 

V 

V 

VL 

V 

VL 

VL 

VL 

VL 

V 

V 

V 
— 

V 

V 

ES 

V 

V 

Visible 
Damage 

4 

* 

Piezometer 
or Bailer in 

Well 

6' bailer 

5' bailer 

5' bailer 

5' bailer 

Comments 
Observations 

2-inch diameter PVC 

Soft,'gray sill on botlom 

Casing burnt & bent, marked in field as 
"A" 

Marked in field as "C" 

Marked in field as "B" 

Ani hill againsl casing 

Concrete pad heaving 0.3 feel; gray sill on 
bottom 

Spider web inside casing 

Marked in field as 18 

Silt and moss on botlom 

Red clay on bottom 

Obstructed 

Crack in well casing 1 foot above ground 
surface, jagged TOC 

Well was approx. SO feet west of P-72 

Well was approx. 50 feet east of P-54 

Sediment on bottom 
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ft 
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Vented 
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»T1 Table 3-11. Well Inventory - September 1994 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

n 
O 

tx 

t o 

Well 

P-26 

P-27 

P-28 

P-29 

P-30 

P-31 

P-32 

P-35 

P-36 
P-37 

P-39 
P-41 

P-42 
P-44 

P.46 
P-48 

P-49 
P-50 

P-51 
P-52 

P-53 
P-54 

P-55 
P-56 

P-57 

Depth 
fo Water 

(9/94) 

47.98 
24.66 

28.80 
9.77 

23.52 
16.58 

18.86 

13.02 

15.55 
14.18 

Well Not Located 
14.90 
36.04 

19.18 

Well Not Located 

7.62 

Well Not Located 
12.06 

14.80 
19.24 

Well Not Located 
69.73 
63.97 

67.23 

67.23 

Measured 
Depth 

(BTOC) 

52:42 

25.20 

29.10 

10.05 

23.83 
29.12 

25.80 

43.76 

32.15 
23.90 

22.23 
37.71 

50.66 

7.76. 

32.16 

30.75 ~ 
36.32 

.84.36. 

84.30 

.. 75.51 

75.30 

As Built 
Depth 

51.50 
22.00 

27.00 

7.50 

21.50 

24:50 

42.50 

31.50 

28.00 

20.50 

35.50 

51.00 

4.60 

33.60 

33.50 

49.50 

83.20 

83.60 
73.30 

72.80 

Lock 

* 
* 

* 
* 

* 

* 
* 

* 
* 
* 

Label 

* 

* 
* 
* 

* 

Protective 
Casing 
(diam) 

0.75 

0.75 

n 

0.75 

Bumper 
Posts 

m 

1 

1 
1 

1 
1 

1 
1 

Surface 
Pad 

Gravel 

Gravel 

TOC 
.Stickup 
(feet) 

2.20 
3.00 

NR 

2.00 

3.40 

2.26 

1.00 

. 0.67 

2.50 
3.04 

1.21 
2.92 

2.29 

NR 

1.54 

1.60 
1.60 

-2.45 
-2.45 

-2.45 

-2.45 

Well 
Cap 
Type 

• V -

V 

V 
V 

V 

VL 

VL 

VL 
V . 

VL 

V 

VL 

VL 

V 

VL 

VL 
VL 

V 
V 

V 

V 

Visible 
Damage 

* 

* 

* 

Piezometer 
or Bailer in 

Well 

5' bailer 

5' bailer 

piez 

5' bailer 

piez 

Comments 
Observations 

Jagged TOC lip 

Bum marks on back side, jagged TOC lip 

Bum marks along well base 

Marked in field as "J"; brown clay on 
bottom 

Light brown clay on botlom 

Brown gray sill on botlom 

Concrete heaved 0.4 feet 
Brown gray gel on bottom 

Ponion of old broken pad near well; sill 
on bottom 

Lighl gray silt on bottom 

Clay and weeds on bottom 

Cut in vent cap; soft bottom 

Bum marks, cap froze, screw off top 
0.3 feel of casing 
Cap froze, screw off top 0.3 feet of casing; 
soft bottom 

> 
c 

V 
VL 
ES 

I 
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Vented 
Vented Locking 
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S' Table 3-11. Well Inventory - September 1994 
Alabama Army Ammunition Plant Childersburg, Alabama (Continued) 

2" 
n 
o 

to 
0\ 

> 
c 

to o o 

Well 

P-58 

P-59 

P-60 

P-61 

P-62 

P-63 

P-64 

P-65 

P-66 

P-67 

P-68 

P-69 

P-70 

P-71 

P-72 

P-73 

P-74 

P-75 

P-76 

P-77 

P-78 

P-79 

P-80 

P-81 

P-82 

P-83 

Depth 
to Water 

(9/94) 

67.23 

92.76 

10.80 

25.05 

31.95 

23.52 

25.85 

22.59 

. 40.04 

39.53 

62.53 

DRY 

61.78 

68.53 

53.40 

53.10 

48.01 

57.82 

Well Abandoned 

35.34 

58.32 

43.57 

59.74 

51.28 

68.88 

70.50 

Measured 
Depth 

(BTOC) 

100.49 

104.70 

31.20 

45.92 

40.85 

36.61 

38.15 

53.47 

65.30 

46.50 

97.00 

110.93 

74.60 

80.20 

91.43 

84.95 

89.98 

109.66 

72.83 

92.90 

107.20 

9,7.96 

9,4.58 

100.86 

125.14 

As Built 
Depth : 

97.50 

105.00 

28.30 

43.50 

38.60 

35.80 

35.00 

51.00. 

63.70 

63.70 

95.00 

111.00 

67.00 

78.00 

-

Lock 

« 

Label 

• 

* 

Protective 
Casing 
(diam) 

0.75 

0.75 

0.50 

0.70 

0.70 

0.70 

0.73 

0.70 

0.75 

* 
0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

Bumper 
Posts 
(#) 

4 

4 

4 

4 

4 

* 
4 

4 

4 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Surface 
Pad 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

TOC 
Stickup 

(feet) 

-2.45 

-2.45 

2.30 

1.75 

1.80 

1.98 

2.20 

1.77 

1.25 

1.65 

1.70 

2.00 

2.00. 

-2.45 

-2.45 

-2.45 

-2.45 

-2.45 

-2.45 

-2.45 

-2.2 

-2.45 

-1.5 

-2.45 

-2.45 

Well 
Cap 
Type 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

ES 

ES 

ES 

ES 

ES 

ES 

ES 

ES 

ES 

ES 

ES 

Visible 
Damage 

Piezometer 
or Bailer in 

Well 

Comments 
Observations 

Cap froze, screw off top 0.3 feel of casing; 
soft bottom 

Cap fi-oze, screw off lop 0.3 feel of casing; 
soft botlom 

Debris visible on water 

Top 1 foot of casing is loose—needs 
correct threading 

Mud on botlom 

Soft botlom 

Sandy sediment on bottom 

Silly botlom 

Silty bottom 

Silty bottom 

Sediment on bottom 

Sediment on botlom 

Soft bottom 

V 
V L 
ES 

Vented 
Vented Locking 
Expandable Seal 

I 
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Methods and Procedures 

3.3.2 Topographic Surveying 

Existing groimdwater monitoring wells on ALAAP originally were located using a local 
grid system intrinsic to the ALAAP facility. Land surveying was conducted using a combuiation of 
conventional groimd surveying and global positionmg system (GPS) surveymg to relocate the 
existing and newly installed wells and staff gauges using ASPCS. New locations were surveyed at 
the end of each phase so that water level data could be continually updated and evaluated. 
Horizontal locations were surveyed to within 1 foot horizontal accuracy. Ground surface elevations, 
top of the polyvmyl chloride (PVC) well casing elevations, and staff gauge elevations were 
surveyed to within 0.05-foot vertical accuracy. Well survey data are surrmiarized in Section 4 and 
provided in Appendix B. Topographic surveymg for this mvestigation was completed by Ray, 
Peoples, and White (currentiy Ray and GilUland) of Sylacauga, Alabama. Coordinate information 
was obtained using the 1983 North American Datum in the ASPCS (east) and the National Vertical 
Geodetic Datum (NVGD) of 1929. 

3.4 FIELD SCREENING 

Field screening activities were conducted as part ofthe investigation to obtain real-time data 
that could be used to make in-field decisions on the presence and extent of contamination and the 
location of additional samplmg points. A geophysical survey and chemical field screening were 
hnplemented at various study areas on ALAAP. Cheniical field screening for explosives and lead in 
soils and sediment was conducted primarily during Phase 1 of the RI. Field screening of 
groundwater samples for explosives was conducted diuing Phase 2. Some surface water, soils, and 
sediment samples also were collected and field screened for explosives during Phase 2. The 
following sections detail the methods and procedures used to screen environmental samples. The 
results ofthe field screening are discussed in Section 4 and provided in Appendix C. 

3.4.1 Geophysical Surveys 

Geophysical surveys were conducted at three former UST locations and a former gas station 
on ALAAP during Phase 1. These locations included Buildmg 302B, Building 715C, an abandoned 
gas station, and Buildmg 720D (see Figure 3-4). Buildings 302B and 715C and the abandoned gas 
station were identified during the CERFA investigation as locations where USTs had been removed, 
and Building 720D was the site ofa suspected UST (TETC 1994). The geophysical surveys were 
conducted to confirm the removal ofthe USTs at the CERFA-identified UST sites and the former 
gas station and to determine if an UST existed at Building 720D. 

The geophysical surveys at the sites were conducted using a Geonics EM31-D 
nbn-contactmg terrain conductivity meter and/or a Schonsted N4AC-51B heli-flux magnetometer. 
The magnetometer generally was used at the sites with the most dense ground cover (i.e., the 
abandoned gas station site). The objective ofthe survey was to use the conductivity meter and/or 
magnetometer to identify qualitatively the presence or absence of a large subsurface metal object 
(i.e.,UST).: 
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The surveys at Buildings 302B and 715C and tiie former gas station included tiaversmg in 
an east-west, nortii-soutii direction throughout die entire suspected UST removal area. Readings 
were monitored continuously during the site walkover. None of the readings fi-om either tiie 
conductivity meter or the magnetometer identified tiie presence of a buried metal object. These 
results substantiate tiie claim tiiat tiie USTs had been removed from tiie CERFA sites. 

Since tiie exact location of tiie suspected UST at Building 720D was unknown, random 
locations were surveyed throughout the site. Both tiie conductivity meter and the magnetometer 
were used to conduct tiie survey. The survey identified tiie presence of a buried object, presumed to 
be an UST, approximately 50 feet soutiieast of Building 720D. The four comers of tiiis anomaly 
were marked. This UST subsequently was excavated and removed by the U.S. Army Corps of 
Engineers (USACE). 

3.4.2 Chemical Field Screening 

During previous soil investigations at ALAAP, a limited number of surface locations were 
sampled near historical buildings and facilities. Depending on the specific analyses conducted, 
previously collected data are usefiil indicators of the nature of contamination, but have limited use 
for determining the horizontal or vertical extent of contamination. Consequently, for Phase I, a 
program was developed to field screen soil and sediment samples to allow rapid evaluation of the 
horizontal and vertical extent of contamination. Field screening techniques also were used during 
Phase 2 to screen soil and water samples collected from monitoring wells, creeks, drainage ditches, 
and soil borings. Based on the contaminants detected during previous investigations, the following 
field screening methods were chosen for application at ALAAP during the Phase 1 field 
investigation (see Table 3-12). 

Table 3-12. Field Screening Methods 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Contaminant 

TNT 

Total PCBs 

VOCs 

Lead 

Method 

Jenkins method (USACE 1990) 

DTECH® field test kits (SW846 4020) 

Organic vapor analyzer (photoionization detector) 

Rapid (3-day) laboratory analysis (USAEC ICAP Method JSM) 

Screening of surface and subsurface soils during Phase 1 fulfilled different objectives. TNT, 
PCB, and lead field screening of surface soil collected on systematic sampling grids was used to: 

• Determine the horizontal extent of TNT, PCB, and lead contamination 

• Assist m the placement of soil borings used to investigate the vertical extent of TNT, 
PCB, and lead contamination 
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• Evaluate the occurrence of TNT contamination and its distribution in stream and ditch 
sediments , 

• Determhie the degree of PCB contaniination associated with downed utility poles and 
transformer storage buildings. 

Field screening and lead analyses of subsurface soils collected from soil borings were used 
to determme the vertical extent of contamination detected Ul surface soil samples. 

The objective offield screening of soil, in situ borehole water, and groundwater samples for 
explosives during Phase 2 was to help locate the source of explosives contamination m the 
groundwater m the southem part of Area B and help place the new monitoring wells. In addition, 
field screening for explosives was used to determme if a correlation existed between explosives 
concentrations detected in the groundwater and the subsurface soils. 

The methods used for explosives, PCB, and lead screening are discussed below. 
Appendbc C presents tables of complete Phase I and Phase 2 field screening results and associated 
QC data. The field screening results for the Area B study areas are provided in Section 4. 

3.4.2.1 Explosives Screening - Phase 1 

The Jenkins method (USACE 1990) was used to estunate the concentration of explosives m 
soil and sediment samples during the Phase I field screening activities. The Jenkins method is 
based on observations made by Janovsky as early as 1891, which noted the colored reaction 
products formed when polynitroaromatic compounds react with alkali, such as potassium hydroxide 
(USACE 1990). Soil and sediment samples were analyzed by the Jenkins method in an onsite field 
laboratory. Modifications were made to the method during the course of the investigation to 
facilitate the rapid analysis ofthe samples. This section summarizes the Jenkins procedure for soil 
and sediment samples and describes deviations from the procedure and their impact on the results. 

The Jenkins method for soil and sedunent involves the following general steps: 

• Extract a 20g subsample of undried soil mto 100 mL of acetone to extract explosives. 

• Filter the acetone extract and measure background absorbance at 540 nm. 

• Add sodium sulfite (Na2S03) and potassium hydroxide (KOH) to the extract and shake 
the solution for 3 mmutes. 

• Filter the resulting colored complex solution and measure the absorbance at 540 nm. 

• Double the uiitial sample background absorbance and subtract it from the final colored 
complex solution absorbance. This absorbance is converted to a TNT concentration 
relative to the prepared standards. 
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Interferences associated with the Jenkins analytical procedure include other nifroaromatic 
compounds that are evidenced by colored reaction when processed through the procedure. Tetryl 
(orange), 1,3,5-tiinifrobenzene (l,3,5.rNB) (red), 1,3-dinifrobenzene (1,3-DNB) (purple), 2,4-DNT 
(blue), and 2,6-DNT (pinkish/purple) concentrations, if present, may have contributed to the sample 
absorbance and were calculated as TNT. The screening method for explosives was not conducted 
to differentiate or estimate the concentrations of various nifroaromatic compounds. Combinations 
of nifroaromatic compounds vithin a sample would be expected to show colorimetric changes that 
are intermediate between the anticipated reaction colors for an individual compound. Color changes 
were noted by the laboratory analyst in the field log for each analysis. Additional nifroaromatics, 
includmg cyclotiimethylenetiinitramine (RDX), cycloted^ametiiyleneteti-aniti-amine (HMX), 
nifrobenzene, o-nifrotoluene, m-nifrotoluene, p-nifrotoluene, nifroglycerine, 4-A-2,6-DNT, and 
2-A-2,6-DNT, if present, have not been observed to exhibit similar color development and would 
not contribute to the color intensity. Humic (acid) organic matter in soU is extracted to some degree 
and yields a yellow color that becomes darker when the procedure reagents are added 
(see Table 3-13). 

Table 3-13. Colors Exhibited by Target and Nontarget Compounds 
in the Jenkins Method for Soil 

Alabama Army Ammunition Plant Childersburg, Alabama 

Extract Color 
Orange 

Red 
Purple/Purplish-blue 

Blue 
Pinkish-purple 

Red 
Yellow 

Explosive Compound 
Tetryl 

Trinitrobenzene 
Diiiitrobenzene 

2,4-Dinitrotoluene 
2,6-Dinitrotoluene 

Trinitrotoluene 
Humic acid 

Absorbance Spectrum 
460, 550 nm 
460, 560 nm 

570 nm 
570 nm 
550 nm 
540 nm 

N/A 

Source: USACE 1991. 

The field screening for TNT using the Jenkins method was implemented as SAIC FTP-971 
(SAIC I995d). In tiie field laboratory, sample exti^cts were filtered tiirough a 0.5-micron 
disposable analytical vacuum filtration unit instead of the 0.5 micron Millex SR syringe filter 
recommended by Jenkins. This modification accelerated the filtration procedure, allowing samples 
to be processed more rapidly. In addition, filtered acetone exfracts were placed in disposable 40-mL 
borosilicate glass vials with caps mstead of being filtered directly into a cuvette. This modification 
allowed the analyst to prepare larger batches of samples and reduced the potential for cross-
contammation in tiie laboratory. Reagents were added directly to the glass vials, which tiien were 
capped and shaken. This solution was poured immediately into a clean cuvette and the final 
absorbance was recorded. A field screenmg quality assurance (QA) study (AppendbtC) was 
conducted to document that these changes did not unpact the obtained results. 
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Phase 1 Sampling Rationale and Procedures—The size of a contaminated "hot spot" that 
can be detiected vsith a specified level of confidence (Gilbert 1987) was determined based on the 
estabUshment of a predetermmed sampling grid size. The distance between grid points also was 
assumed to be much larger than the actual sample collected using a core. Usmg grid spacings of 
200 to 500 feet and a specified probability of detectmg a circular hot spot with the specified size of 
0.8 (8 chances in 10), a 200-foot grid spacing was selected. The 200-foot grid spacing was selected 
based on ah analysis ofthe concentration variance for historical contammants at a specific site. The 
use of the larger (500-foot) grid spacmg for some areas was based on non-manufacturing site use 
and a low historical concentratipn of contaminants. 

During the Phase I investigation, it was decided that a probability of not findmg a hot spot 
of 20 percent witii a diameter of 200 to 250 feet was sufficient for deUneating tiie extent of 
contamination and developmg remedial alternatives. When screenmg samples collected on the 
500-foot grid indicated the presence of explosives exceeding the PRG for TNT for residential or 
industrial use (depending on the location of the study area), the following decision methodology 
was used for further screenmg: 

• If any two adjacent points exceeded the criteria, no fiirther screening between the pouits 
was conducted. The entire 500-foot area between the points was considered to exceed 
the criteria. 

• If any two adjacent points did not exceed the criteria, no fiirther screening between the 
pomts was conducted. The entire 500-foot area between the pouits was considered tp be 
"clean." 

• If, for any two adjacent points, one exceeded the criteria and the other did not, a sample 
was collected at one-half the distance (250 feet) between the pomts. If this sample 
exceeded the criteria, samples were collected at two points 250 feet from this location 
and perpendicular to a line between the two points whose concentrations exceeded the 
criteria. This process contmued until either two points exceeding the criteria were 
adjacent, two pomts not exceedmg the criteria were adjacent, or the distance was 
250 feet. 

The starting point for each sampling grid within a study area was determined usmg a 
random coordinate within the study area. The remaining grid points then were fixed around this 
location usmg surveying instruments and adhering to the pre-specified grid spacing. Due to dense 
foUage, some grids were set with a compass and measuring tape. Each grid point was marked with 
a wooden stake labeled vsith a local grid coordmate. 

SoU Screening—Surface soil samples were collected for screening using decontaminated, 
stainless steel sampling tools (i.e., spoons, frowels, and bowls). The surface layer (0 to 0.5 feet BLS) 
of organic material or gravel was scraped away, if necessary, with a sampling tool prior to collecting 
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the sample. The sample material for the explosives screening was homogenized in a 
decontaminated, stamless steel bowl and placed into its respective sample container. Subsurface 
soil samples (1 to 5 feet BLS) were collected using decontaminated, stamless steel hand augers, 
frowels, spoons, and bowls. To facilitate the collection of samples in densely compacted and/or 
rocky material, a two-man, gasohne-powered auger was used to drill to the desfred samplmg depth. 
Samples then were collected using a decontaminated, stainless steel hand auger. Deeper subsurface 
soil samples were obtained during drillmg of shallow (25-foot deep) borings. Samples were hand 
delivered to the field laboratory by the field sample collection teams. The designated team leader 
provided a cham-of-custody that was signed and dated when the samples were relinquished to a 
field laboratory analyst. The analyst then prioritized the samples and began the analyses. 

Sediment Sampling—Sediment screening samples were obtained from onsite and offsite 
sfreams, creeks, ditches, and basins along variably spaced (200 feet to 0.5 miles) transects oriented 
perpendicular to the sfream, creek, or ditch. Sediment screening samples in the Red Water Storage 
Basm, Aniline Basin, and Beaver Ponds were obtained on 200-foot grid pattems. Five sediment 
locations ("A," "B," "C," "D," and "E") were sampled along each ti-ansect Une mtersecting tiie 
respective stream. Sampling points were determined by facing upsfream; sample "A" was coUected 
on the top ofthe left bank; "B" was collected at tiie foot ofthe left bank; "C" was coUected directiy 
m tiie center of the stieam bed; "D" was collected at the foot of the right bank; and "E" was 
coUected on the top of the right bank. Samples "A" and "E" were composite samples of three 
locations on the top ofthe banks. Samples "B," "C," and "D" were coUected from a single location. 

The sediment samples were collected using decontaminated stainless steel hand augers, 
spoons, and frowels. Samples for VOC analysis were placed dfrectly into the appropriate sample 
contamer. Samples for the remaming analyses (SVOC, hexavalent chromium, metals, explosives, 
TOC, and pesticides/PCBs) were placed m a decontammated stainless steel bowl, homogenized, and 
placed into the laboratory-specified sample contamers. For deep sfreams and creeks (water greater 
than 3 feet deep), a 10-foot section of pipmg v^th a sample jar bound to one end with 
decontaminated stainless steel clasps was used to coUect the sample. All envfronmental samples 
were packed in coolers with ice, maintamed at a temperature of 4°C ±2°C, and shipped to the 
appropriate analytical laboratory. Analytical laboratories included ESE of GamesviUe, Florida and 
PACE Envfronmental Laboratories of MinneapoUs, Minnesota. 

3.4.2.2 Explosives Screening - Phase 2 

During the Phase 2 investigation, both soUd and liquid samples were screened for explosives 
in the field using methods developed by Jenkms. The following sections discuss the methods and 
procedures used diuing Phase 2 for the screening analysis of subsurface soU, in situ borehole water, 
groundwater, sediment, and surface water. 

Subsurface SoU and Sediment—The Jenkins metiiod (USACE 1990) used during tiie Phase 
1 mvestigation for field screening of surface soU, subsurface soU, and sediment is described m 
Section 3.4.2.1. The same metiiod was used during Phase 2 for tiie field screening of subsurface 
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soU and sediment. There were, however, two differences between the Phase I and 2 soil screening 
programs. The first difference was tiiat during Phase 2, analysis was conducted for 2,4-DNT as 
weU as TNT because the results of the Phase 1 screening and confirmatory sample analyses 
mdicated that 2,4-DNT could be a significant component of the soU and sedhnent contammation. 
The second difference was the purpose ofthe screenirig. WhUe the objective ofthe soU and sedunent 
Phase I screening program was to define the lateral and vertical extent of contamination, the 
objective of Phase 2 was to provide data for the placement of additional groundwater monitoring 
weUs. 

The colorimetric interference of humic acid with TNT discussed in Section 3.4.2.1 appUes 
to 2,4-DNT as weU. However, the 2,4-DNT analysis is affected to a lesser degree by humic acid 
mterference. Soil moisture in tiie sample affects tiie sfrength of the 2,4-DNT reaction with the 
sfrong base. The ideal soU moisture content is 10 percent; higher or lower moisture levels dampen 
the reactivity. 

Groundwater, In SUu Borehole Water, and Surface Water—A method simUar to the 
Jenkins soU screening method was hnplemented during Phase 2 for onsite screening of water 
(groundwater, in situ borehole water, and surface water). The water method was also developed by 
Jenkins (USACE 1994). The Jenkins method for the analysis of water samples involves the 
followmg general steps: 

• Allow the sample to settle for several hours, and filter with a glass fiber filter if 
necessary. 

• Set up a filter apparatus with a I-liter vacuum flask for membrane solid-phase 
extraction. Condition and rinse the extraction disk filter. Never let the filter go dry. 

, • Immediately begin filtering the sample through the extraction disk using the vacuum 
pump. 

• Elute the extracted analytes fixjm the membrane with 20 mL of acetone. 

• Filter the elution if cloudy, usmg a 0.45 nm syringe filter. 

• Record the background absorbance ofthe extract. Multiply by two and record. 

• Add 0.2 g of sodium sulfite and two pellets of potassium hydroxide to 10 mL of the 
extract; cap and shake for 3 minutes. 

• Read the absorbance of the extract. Record the number and subtract from it two tunes 
the background absorbance. 

• Ifthe color is blue or purple, read the absorbance at a 570 run wavelength, for 2,4-DNT. 
If it is phik, read it at 540 nm, for TNT. 
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• Let the sample stand for 30 minutes to allow maximum dolor development and reread 
y the absorbance. 

• If the absorbance exceeds the specfrophotometer range, dilute a portion of the extract 
and repeat the reaction. 

• Calculate the concenfration ofthe sample from the absorbance ofthe extract. 

The Jenkins field screening metiiod for TNT in groundwater (USACE 1994) is based on tiie 
same Janovsky absorbance as that used for screenmg soUd (i.e., soil and sedunent) samples. The 
method for screening groundwater samples was modified for use at ALAAP through coUabOration 
with Thomas Jenkins and through field laboratory testing of the modifications. The method was 
modified in the foUowing ways: 

• The Jenkins method recommended glass fiber filters on all samples being analyzed. 
Glass fiber filters were not used due to the color changes caused by the filters and the 
long filtration time caused by the smaU size ofthe fUter and overload ofthe filter due to 
suspended solids. Nylon (Nalgene, 0.45 nm) fUters were used ui place of glass fiber 
filters. In addition, the water samples were allowed to settle for several hours, if cloudy. 
A volumetric test was conducted, which included screening identical samples both vsith 
and without the glass fiber filtration. The results of this test showed thiat the glass fiber 

J filtration of groundwater samples did not affect the results. 

• The Jenkins method is designed to use two stacked stiyenedivinylbenzene (SDVB) 
filters, one to screen for the presence of TNT and one to screen for the presence of RDX. 
During the Phase 2 investigation, one filter was used to screen for the presence of TNT 
and DNT. The second filter designed to adsorb RDX was not necessary because RDX 
is not a chemical of concem at ALAAP. 

• The original 2-Uter volume of sample recommended by Jenkins was modified to 500 mL 
after conducting a volumetric test. The volumetric test mcluded analyzmg the same 
groundwater sample usmg different volumes of sample (i.e., 2,000, 1,000, 500, 250, 
150, and 100 mL). The results uidicated that a 500 mL sample yielded comparable 
results to the requfred 2-Uter volume. A series test was conducted to assess the potential 
for explosives to escape through the Empore extraction disk. A 500 mL sample was run 
tiirough tiiree fUters in series and the results showed tiiat 98.4 percent ofthe explosives 
were extracted from the sample by the ffrst fUter. 

The interference of other nifroaromatic compounds with the absorbance spectrum of TNT, 
discussed m Section 3.4.2.1, appUes to the water methods as weU as the soU. However, the 
mterference of humic acid is rarely encountered, even m very turbid borehole water samples. In 

J 
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addition, the filtering process can add a Ught green hue to the extract, but it does not interfere in the 
570 nm wavelength. 

3.4.2.3 Lead Screening 

During previous mvestigations at ALAAP, lead was identified as a contaminant in several 
study areas. After considering the possibUity of onsite analysis of lead samples usmg x-ray 
fluorescence (XRF) instrumentation, rapid lead screening analysis provided by a fixed laboratory 
was determined to be more cost effective. PACE Envfronmental Laboratories was contracted to 
analyze lead samples during Phase I and provide results to the Field Manager within 3 days. SoU 
samples for rapid lead analysis were collected usmg methods described m Section 3.4.2.1 for TNT 
screening. Lead analyses were conducted for surface and subsurface soU samples at sbc study areas 
(see Table 3-1). 

Quantitative lead analyses were conducted usmg mductively coupled argon plasma (ICAP) 
emission specfroscopy. Under the ICAP method, the certified reporting lunit (CRL) for lead was 
10.0 ng/g and the upper certified reporting Umit (UCRL) was 500 |ig/g. The method uses sample 
digestion usmg nitric and hydrochloric acids followed by digestate analysis with ICAP. 
Specifically, a 1-gram subsample of soil was digested in a combination of nitric acid, hydrogen 
peroxide, and hydrochloric acid solutions. Each sample was dUuted to a final volume of 100 mL 
and ICAP emission specfroscopy was used to quantify lead concentrations. Sample moisture content 
(%) was determined and applied to the final resiUt to obtain dry weight concentrations. QC samples 
consisting of a standard matrix method blank, a standard matrix spUce at approximately 2 times the 
CRL, and duplicate standard matrix spUces at approximately 10 times the CRL were analyzed daily. 
The QC samples were processed through the entfre method with the envfronmental samples. 

3.4.2.4 PCB Field Screening 

During the Phase 1 investigation, 27 downed utiUty pole locations and 2 former transformer 
buUdings y/ere identified as potential sources of PCB contamination of surface and subsurface soU. 
Samples from these locations were analyzed for PCBs using the DTECH® field screening method 
(SW846 Method 4020). PCB field screening was mitiated m visually stauied areas and proceeded 
out from those areas. The number of screening samples was reduced to 95 samples (from the 
proposed 270 PCB screening samples) to be analyzed because of the nondetection of PCB 
contamination by the DTECH® test kits m visuaUy stained areas. Ten percent ofthe samples were 
sent to the fixed laboratory for confirmation. Subsurface soU was screened every 5 feet for PCB 
contamination. 

The DTECH® PCB screening method is based on an enzyme Imked unmunosorbent assay 
(ELISA). The test is equaUy sensitive for the most commonly found PCBs, hicludmg 
Aroclor-1254, Aroclor-1242, Aroclor-1248, Aroclor-1260, and Aroclor-1268. Reactivity to 
Aroclor-1232 is approxunately 5-fold less and reactivity to Aroclor-1016 and Aroclor-1221 is 
approxunately 10-fold less. With the test kit, antibodies specific to PCBs are Unked to latex 
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particles. PCB molecules present in the sample are retamed by tiie latex particles and coUected on 
the membrane surface of the coUection device. A color developing solution then is added, and the 
presence (or absence) of PCBs is measured witii a hand-held DTECHTOR® meter for 
semiquantitative results. The workmg range for tiie kit is 0.5 to 25 parts per mUlion (ppm) for PCBs 
m soU. Soil extinction is completed by usmg tiie DTECH® PCB SoU Extraction Pac. The resulting 
metiianol extinct is subject to color development using tiie DTECH® PCB Test Kit. Color 
development is mversely proportional to the concentration of PCBs present m the sample. Based on 
the screening results, 10 percent ofthe samples with concentiations exceedmg 50 ppm were sent to 
the fixed laboratory for quantitative analysis. Soil samples for PCB screenmg were coUected usmg 
the metiiods described m Section 3.4.2.1 for TNT screenmg. 

3.4.2.5 Volatiles Screening 

Sample screening for VOCs occurred during drUling and sampling activities usmg an HNu 
photoionization detector (PID). The HNu probe was scanned over the exposed sample upon 
opening of split spoons to obtain a qualitative mdication for the presence of VOCs. SoU samples m 
which elevated concentrations of VOCs were detected by the PID were selected for laboratory 
analysis. 

3.5 GEOLOGICAUGEOTECHNICAL INVESTIGATIONS 

This section discusses the methods used for the geological and geotechnical mvestigations 
conducted at ALAAP. Specifically, methods for sampUng surface soil, sedunent, subsurface soU, 
surface water, and groundwater are presented. In addition, the techniques used to assess the 
physical and chemical properties of soU are discussed. 

3.5.1 Surfyce SoU Sampling 

The horizontal extent of contammation in surface soUs (0 to 0.5 feet BLS) was detemuned at 
the appropriate study area by screening on systematicjilly aligned square grids with grid lines spaced 
at 200 to 500 feet, depending on the study area size. A systematic approach was selected to obtain 
uniform coverage of the study areas and estimate the extent and volume of contamination. 
FoUowmg the soU screening, 10 to 20 percent of the total number of surface soU samples from aU 
stiidy areas (except tiie CERFA sites) were analyzed for VOCs, SVOCs, metals, explosives, 
explosives breakdown products, and TOC. In addition, 12soU samples were analyzed for 
hexavalent chromium from the study areas identified in Table 3-1 and the background location. 
Pesticides/PCBs were analyzed in aU samples coUected fix)m Study Area 3 and the background 
locations. The number of samples coUected, screened, and analyzed from each study area was 
proportional to the actual size ofthe mdividual areas. 

Surface soil samples were collected using decontaminated, stainless steel sampUng tools 
(i.e., spoons, frowels, and bowls). The surface layer (0 to 0.5 feet BLS) of organic material or 
gravel was scraped away, if necessary, with a sampUng tool prior to collecting the sample. Surface 
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soU samples were collected from 0 to 0.5 feet BLS in the absence of loose surface material. 
Samples designated for VOC analyses were placed dfrectiy into sample contamers. The sample 
material for the remaining analyses (SVOCs, metals, hexavalent chromium, explosives, TOC, and 
pesticides/PCBs) was homogenized m a decontammated, stainless steel bowl and placed into its 
respective sample container. 

All soU samples were labeled before shipment to the analytical laboratories. The labels were 
completed with the mstallation name, project number, location, sample date/time, media type, 
method matrix, site identification (ID), site type, field sample number, depth, sample technique, 
analysis, preservative, comments, and coUector's mitials; Clear tape was used to secure sample 
container labels to the botties to prevent madvertent label removal due to moist or wet conditions 
occurring during storage or shipment ofthe samples. The locations ofthe surface soU samples are 
shown m Figure 3-1. 

3.5.2 Subsurfyce SoU Sampling 

Previous investigations at ALAAP consisted primarily of the coUection of surface soU 
samples. This sampling scheme did not identify the horizontal or vertical extent of contamination. 
Consequentiy, the present investigation included drilling soU borings and collecting subsurface 
samples to assess the horizontal and vertical extent of contamination. During the Phase 1 
investigation, the placement of soil borings was determmed based on field screening results from 
surface soU samples. Samples coUected from soil borings were analyzed at a laboratory for 
explosives and explosives byproducts, VOCs, SVOCs, TOC, and metals except for samples 
coUected from CERFA sites and background site locations. Samples were analyzed for pesticides, 
PCBs, total pefroleum hydrocarbons (TPH), nitrates (NO3), phosphates (PO4), and hexavalent 
chromium (Cr^) in selected study areas. Background locations were sampled and analyzed for a 
fliU suite of contammants. The above analyses were selected based on historical information and 
data from previous investigations to evaluate the existence of any possible contamination from 
previous site activities. Table 3-1 summarizes the analyses conducted during the Phase 1 
investigation at the soU boring site locations. 

Soil samples were coUected fix)m I to 5 feet BLS usmg decontaminated, stauiless steel hand 
augers, frowels, spoons, and bowls. To facUitate the collection of samples m densely compacted 
and/or rocky material, a two-man, gasolme-powered auger was used to drill to the desfred samplmg 
depth. Samples then were coUected using a decontaminated, stairUess steel hand auger. 

As part of the Phase 1 mvestigation, subsurface soil samples were collected for chemical 
analysis at 14 study areas, 5 CERFA site locations, and 2 background locations. A total of 65 soU 
borings were drUled in Area B (see Figure 3-2). Sbcty-four soil borings were screened and sampled 
for chemical analysis and the Uthoiogy was logged. SoU samples were coUected every 5 feet. 
Table 3-14 sunimarizes the soU borings driUed during Phase 1 m each study area, samples 
coUected, sample depth, and chemical analyses conducted. Samples were selected for quantitative 
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Table 3-14. Soil Boring Analyses: Study Areas, CERFA, and Background Sites - Phase 1 
Alabama Army Ammunition Plant, Childersburg, Alabama 

o 
3 

Ul 
oe 

> 
c tg 

to 
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Study 
Area 

2 

3 

4 

6 

7 

8 

10 

16 

Borehole 
ID 

SB-02-001 

SB-02-002 

SB-02-003 

SB-02-004 

SB-03-005 

. SB-03-006 

SB-03-007 

SB-04-008 

SB-04-009 

SB-04-010 

SB-06-011 

SB-06-012 

SB-06-013 

SB-06-014 

SB-06-015 

SB-07-016 

SB-07-017 

SB-07-018 

SB-07-019 

SB-07-020 

SB-08-021 

SB-08-022 

SB-08-023 

SB-08-024 

SB-08-025 

SB-10-026 

SB-10-027 

SB-10-028 

SB-10-029 

SB-10-030 

SB-10-045 

SB-16-031 

SB-16-032 

Total 
Sample 
Depth 

27 

22 

27 

27. 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

12 

27 

27 

22 

27 

27 

27 

27 

17 

27 

27 

. 27 . 

27 

17 

27 

Intervals 
Sampled 

6 

5 

6 

6 

6 

. 6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

3 

6 

6 

5 

6 

6 

6 

6 

4 

6 

6 

6 

6 

4 
6 

Intervals 
Analyzed 

2 

3 

2 

2 

6 

2 

6 

6 

6 

6 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

6 

5 

6 

6 

6 

6 

Metals 

1,6 

1,3,5 

1,6 

1.6 

1,3,6 

1.6 

1,4,6 

1.6 

1,4,6 

1,4,6 

1,6 

1,6 

1,6 
1.6 

1,6 

1,6 

1,6 

1,6 

1.3 

1.2,6 

1.6 
5 

1,6 

1,6 

1,6 
1,4,6 

1,2,4 

1,4,6 

1,4,6 

1,5,6 

1,5,6 

1.4 

1,6 

SVOCs 

1,6 

1,3.5 

1,6 

1,6 

1,3,6 

1,6 

1,4,6 

1,6 

1,4,6 

1,4.6 

1.6 

1,6 

1.6 

1,6 

1,6 

1,6 

1,6 

1,6 

1,3 
1,2,6 

1,6 
5 

1.6 

1.6 

1.6 
1,4.6 

1,2,4 

1,4.6 

1,4,6 

1,5,6 

1.5,6 

1.4 

1,6 

TOC 

1,6 
1,3,5 

1,6 

1,6 
1,3,6 

1,6 
1,4,6 

1,6 
1,4,6 

1,4,6 

1,6 

1,6 

1,6 
1.6 

1,6 
1,6 

1,6 

1.6 

1,3 
1,2,6 

1,6 
5 

1,6 

1.6 

1,6 
1,4,6 

1,2,4 

1,4,6 

1,4,6 

1,5,6 

1,5,6 

1,4 

1,6 

VOCs 

1.6 
1.3,5 

1.6 

1,6 
1.3.6 

1,6 
1,4,6 

1,6 

1,4,6 

1,4,6 

1,6 

1,6 

1,6 

1,6 

1.6 

1.6 

1,6 

1,6 
1,3 

1,2,6 

1.6 
5 

1,6 

1,6 

1,6 
1,4,6 

1,2,4 

1,4,6 

1.4,6 

1,5,6 

1,5,6 

1,4 

1.6 

Cr+6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Explosives 

1,6 

1,3,5 

1,6 

1,6 

1,3,6 

1,6 
1,4,6 

1,6 

1,4,6 

1,4,6 

1,6 

1,6 

1,6 

1,6 

1,6 • 

1.6 

1,6 

1.6 

1.3 
1,2,6 

1,6 
5 

1.6 

1,6 

1,6 
1,4,6 

1,2,4 

1.4,6 

1,4,6 

1,5,6 

1,5,6 

1,4 

1,6 

Pesticides/ 
PCBs 

1,3,6 

1,6 

1,3,6 

PCB TPH 

• 

N03/ 
P04 pH 

1,2,3,4,5,6 

1,2,3,4,5,6 

1,2,3,4,5,6 

1,2,3,4,5,6 

1,2,3,4,5,6 

-.-

1.2,3,4 

1.2,3,4,5,6 

I-



• f l Table 3-14. Soil Boring Analyses: Study Areas, CERFA, and Background Sites - Phase 1 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

2" 
n 

•a 
o 
3 

u> 

> 
c 

Study 
Area 

16 

17 

18 

19 

20 

22 

25 

CERFA 

Coke 
Oven 

Poles 

Gas 
Station 

Pest/Fert 

Borehole 
ID 

SB-16-033 

SB-16-042 

SB-16-061 

SB-16-062 

SB-16-063 

SB-16-064 

SB-17-034 

SB-17-035 

SB-17-036 

SB-17-039 

SB-17-065 

SB-18-037 

SB-18-038 

SB-19-040 

SB-19-041 

SB-20-043 

SB-20-044 

SB-22-047 

SB-22-048 

SB-22-049 

SB-25-050 

SB-25-051 

SB-25-052 

SB-B6-055 

SB-B6-056 

SB-PO-057 

SB-GS-058 

SB-PS-059 

SB-PS-060 

Total 
Sample 
Depth 

17 

27 

6 

9 

14 

14 

27 

27 

27 

27 

22 

27 

27 

27 

27 

26 

27 

27 

12 

27 

12 

22 

17 

27 

27 

27 

27 

27 

27 

Intervals 
Sampled 

4 

6 

2 

3 

4 

4 

6 

6 

6 

6 

5 

6 

6 

6 

6 

6 

5 

6 

3 

6 

3 

• 5 

4 

6 

6 

6 

6 

6 

6 

Intervals 
Analyzed 

4 

6 

2 

2 

4 

4 

2 

• 2 

2 

2 

3 

2 

2 

4 

6 

2 

2 

6 

3 

6 

3 

5 

4 

2 

3 

2 

2 

3 

3 

Metals 

1,4 

1,6 

1 

1,3 

1 

1 

1,6 

1,6 

1,6 

1,6 
1,3,6 

1,6 

1,6 

1,6 

1,2 

1,6 

1,5 
1,3,6 

1,2,3 

1,4,6 

1,2,3 

1,3,5 

1,4 

1,6 

1,4,6 

1,6 

1,6 

1,2,6 

1.2,6 

SVOCs 

1,4 

1,6 

1 

1,3 

1 

1 

1,6 

1,6 

1,6 

1,6 

1,3,6 

1,6 

1,6 

1,6 

1,2 

1,6 

1,5 
1,3.6 

1,2,3 

1,4,6 

1,2,3 

1.3,5 

1,4 

1,6 

1,4,6 

1,6 

TOC 

1,4 

1,6 

1 

1,3 

1 

1 

1,6 
1,6 

1,6 

1,6 

1,3,6 

1,6 

1,6 

1,6 

1,2 

1,6 

1,5 
1.3,6 

1.2.3 

1.4,6 

1,2,3 

1,3,5 

1,4 

1,6 

1,4,6 

VOCs 

1,4 

1.6 
1 

1.3 

1 

1 

1,6 

1.6 

1,6 
1,6 

1,3.6 

1.6 

1.6 

1,6 

1,2 

1,6 

1,5 

1.3,6 

1.2.3 

1.4,6 

1,2,3 

1.3.5 

1,4 

1,6 

1.4.6 

Cr+6 

1 

1 

1 

1 

1 

! 

1 

1 

Explosives 

1,4 

1,6 
1 

1,3 
1 

1 

1,6 

1,6 

1,6 
1,6 

1,3;6 

1,6 

1,6 
l;6 

1,2 

1,6 

1,5 
1,3,6 

1,2,3 

1,4,6 

1,2,3 

1.3.5 

1,4 

1,4,6 

1,6 

Pesticides/ 
PCBs 

1,2,6 

1.2,6 

PCB 

1,6 

TPH 

1,6 

-

N03/ 
P04 

pH 

1,2,3,4 

1,2,3,4,5,6 

1,2 

1,3 
1,2,3,4 

1,2,3,4 

1,3,4.6 

1,2,3,4,5,6 

1,2,3,4,5,6 

1,2,3 

1,2,3,4,5,6 

1,2,3 

1,2,3,4,5 

1,2,3,4 

5 

Id 

ex. 

I 

to o o 
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Table 3-14. Soil Boring Analyses: Study Areas, CERFA, and Background Sites - Phase 1 
Alabama Army Ammunition Plant, Childersburg, Aiabama (Continued) 

n •a o Study 
Area 

Borehole 
ID 

BACKGROUND 

SB-BK-001 

SB-BK-054 

Total 
Sample 
Depth 

27 

27 

Intervals 
Sampled 

9 

6 

Intervals 
Analyzed 

6 

6 

Metals 

1,2,3,4,6,8 

1,2,3,4,5,6 

SVOCs 

1.2,3,4,6,8 

1,2,3,4,5,6 

TOC 

1,2,3,4,6,8 

1,2,3,4,5,6 

VOCs 

1,2,3,4,6,8 

1,2,3,4,5,6 

Cr+6 

1 

1 

Explosives 

1,2,3,4,6,8 

1,2,3,4,5,6 

Pesticides/ 
PCBs 

1,2,3,4,6,8 

1,2,3,4,5,6 

PCB TPH N03/ 
P04 

1 

1 

pH 

NOTES; 

Samples were collected at sample intervals (1) 1 to 3 feet, (2) 5 lo 7 feet, (3) 10 to 12 feet, (4) 15 to 17 feet, (5) 20 to 22 feet, and (6) 25 to 27 feet BLS, unless refusal or the groundwater table 

was encountered. 

Samples were collected at sample intervals (1) 1 lo 3 feet, (2) 4 lo6 feet, (3) 7 to 9 feet, and (4) 12 to 14 feet BLS at SB-16-061 through SB-16-064. 

Background soil boring SB-BK-001 was drilled and sampled to a depth of 42 feet and sample interval (8) is 35 to 37 feet BLS. 

o 

> 
c 

a 

o o 



Methods and Procedures 

laboratory analysis based on field screenmg results. Confirmatory laboratory analyses were 
conducted on approxunately 30 percent of the field screened samples. A maximum of three 
samples were sent from each soil boring to the laboratory for quantitative analysis. Samples were 
selected and sent to the laboratory from the top and bottom mtervals of each borehole and from an 
interval that exhibited elevated concentrations of contamination during field screening. If 
contiunmation was not detected during soil screening, a sample was retauied from the top and 
bottom uiterval of each borehole and sent for laboratory analysis. 

Sbc CERFA soU boring locations were selected usmg biased sampling techniques. SoU 
boring locations were based on visual identification of contamination (i.e., soU staining) and 
historical knowledge of areas where previous faciUty operations or activities occurred. Five soil 
borings were drilled at the locations of a former coke oven, gas station, transformer storage 
locations, and pesticide storage area. Biased samplmg techniques were used because these areas 
had not been previously evaluated. 

During the Phase 2 mvestigation, soU boring locations were determined from the Phase 1 
investigation findmgs. The soU borings were placed downgradient from study areas m which the 
presence of elevated concentrations of explosives m the groundwater was suspected. Soil borings 
were driUed to a depth where the water table was encountered. SpUt.spoon samples were not 
coUected in the residuum during Phase 2 because the focus was to mvestigate contamination near 
and at the water table. During cfrUlmg of the soil boring, a subsurface soU sample was collected 
when groimdwater was encountered at a location hi or just above the saturated zone. In addition, a 
water sample was obtamed from the groundwater that accumulated withm the borehole. Both the 
soU and groundwater samples were screened m the field for explosives using the Jenkms methods 
for field screenfrig (USACE 1990). Soil samples with detected explosive compoimds were sent to 
the laboratory for confirmatory analysis. In some instances, neither a soil nor water sample could be 
obtauied because the water table was not encountered prior to encountering bedrock or auger 
refusal. Table 3-15 summarizes the soU borings driUed, samplmg depth, and site IDs for the 
Phase 2 subsurface mvestigation. 

3.5.2.1 Soil Boring Drilling Procedures 

Soil boring operations were conducted during Phase I between March and August 1995. 
Christensen Boyles Corporation of Murfreesboro, Termessee conducted the driUing operations. SoU 
borings were drilled usmg 6% uich outside diameter (O.D.), True Spin, continuous flight, hoUow-
stem augers. Soil samples were coUected usmg 3-inch O.D. stamless steel split spooiis. Samples 
generally were coUected at 5-foot intervals. Soil borings were advanced and soU samples were 
collected to a total sample depth of 27 feet BLS, uiUess refiisal or the groundwater table was 
encountered. Samples were coUected for cheniical and geotechnical analysis at each boring. 

The Phase 2 mvestigation was conducted between May and July 1996 by Layne Christensen 
Corporation (formerly Christensen Boyles Corporation) of Murfreesboro, Teimessee. SoU borings 
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Table 3-15. Soil Borings, Summary of Subsurface Field Screening Analysis - Phase 2 
Alabama Army Ammunition Plant, Chlldersbtirg, Alabama 

y 

study 
Area 

2 

•16 

17 

18 

20 

Borehole IO 

SB-02-066 
SB-02-069 

SB-02-070 
SB-02-072 
SB-02-074 

SB-16-OOr 
SB-16-003' 
SB-16-004 

SB-16-006' 

SB-16-007' 
SB-17-080 

SB-17-081 
SB-17-082 

SB-17-083' 
SB-18-086 
SB-18-076' 

SB-18-077' 
SB-18-078' 
SB-18-079 

SB-18-084 
SB-18-085 

SB-18-087 

Sample Depth (feet BLS) 

Soil 

1-27° 
62-64 

47-49 

33-35 

48.5-50.5 

43-45 

48-50 
51 

53-55 

48-50 
. 43-45 

38-40 

Borehole 
Water 
20.9 
«* 
• » 

25.4 

18.1 

** 

55.6 
44.0 
46.1 

30.2 
** 

52.0 
• • 

35.5 
49.4 
28.1 
29.1 

Analysis 

Explosives 

• 
• 
• 
• 
• 

See note b. 

• 1 
• 1 
• 1 
• 1 
• 1 
• 1 

See note b. | 

• 1 
• 1 
• J 
• 

• 1 
BLS = Below Land Surface 
•* = Sample was screened, but sample depth was not recorded. 
a = Screenedfix)mlto3,5to7,10tol2,15tol7,20to22,and25to27feetBLS. 
b = Quick-turn analysis for explosives conducted at laboratory. 
c = Confirmatory analysis conducted; samples analyzed for explosives and lead. 

J 

were drilled usmg the same drilling technique and equipment used during Phase 1. During Phase 2, 
19 soil boiings were drilled mto or just above the soil/bedrock interface. A soU sample was 
collected at or just above the static water table and a water sample was collected from the borehole 
annulus to identify if explosives contammation was present and migrating along the soiVbedrock 
mterface. SpUt spoon samples, however, oiUy were collected for samplmg purposes and Uthoiogy 
was logged from cuttmgs. 

3.5.3 Monitoring WeU Drilling and Installation 

Thfrty shallow (residuum) and 10 deep (bedrock) monitoring weUs were driUed and 
mstalled at 11 study areas and a background location during Phase 1 ofthe Supplemental Rl. The 
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monitoring wells were instaUed to obtain hydrogeologic and hydrochemical information in study 
areas that previously had not been uivestigated. The final well locations, depths, and screened 
mtervals were determined based on encountered field conditions, such as maccessible areas, refusal, 
and void spaces in the subsurface. 

During the Phase 2 and Phase 3 field activities, 21 monitoring wells were drUled and 
mstaUed m the southem portion of Area B. During Phase 2, five weUs were placed near 
Study Areas 16 and 19 to investigate the potential for migration of explosives from the area toward 
Study Areas 17 and 18 and further west toward the Coosa River. One monitoring weU was mstalled 
Ul Study Area 2 during the Phase 2 mvestigation. During Phase 3,15 monitoring wells were placed 
at strategic locations m the southern portion of Area B to verify or define the presence of explosives 
and lead contammation m the groundwater identified during Phases 1 and 2. WeU locations were 
selected to target possible source areas and fill data gaps identified in these areas. 

During Phase 1, shaUow monitoring wells were drilled ushig a MobU B-61 auger/core rig 
and contmuous flight hoUow-stem augers. Well screens (10-foot screened interval, 0.01-mch slot 
size) were placed from 5 to approxunately 15 feet below thie groundwater table. Sand pack was 
mstalled from the bottom of the borehole to 5 feet above the weU screen. Well screens and sand 
pack were instaUed in this manner to compensate for lower w^er levels encountered during the 
summer montiis when samplmg occurred, hiitially, large diameter WA mch O.D. augers were used 
to driU and sample shallow weU locations. SmaUer diameter 614 inch O.D. augers were used as field 
activities progressed because they allowed for a more competent borehole and the efficient 
mstallation of sand pack. 

Deep weUs were driUed and mstalled m bedrock during Phase I usmg a Schramm RotadrUl 
Model 450 afr rotary driUing rig and an Odex driUing system. The Odex drilling system advances 
an afr hammer, driU string, bit, and outside casing simultaneously down the borehole, sealing the 
borehole annulus from flowing, viscous materials and cave-ui, which niight bind the driU string and 
bit whUe drilling. After contact with competent bedrock, the outer Odex casing was advanced 2 to 
7 feet mto competent bedrock to seal the borehole annulus before rock coring. Once the outer 
casing (Odex) casmg was in place, rock cores were collected usmg an NX size casmg, bit, and 
wfrelme retrieval system. Approxhnately 30 feet of rock core were coUected and logged at each 
deep well location. Core recoveries were minimal from highly tinctured subsuiface zones or where 
subsurface cavities were encountered. 

Deep weU screens were set across possible water-bearing zones (i.e., fractures and void 
space). A 20-foot screen was placed in bedrock at aU deep well locations except wells 
GW-08-02BR and GW-BK-02BR. A 30-foot screened section was used at GW-08-02BR to isolate 
a void space, which produced a large volume of water during drilling activities. A grout basket was 
placed m weUs witii large voids (i.e., GW-BK-02BR, GW-10-03BR, and GW-17-09BR) because 
installing sand pack was not possible. During weU mstaUation, fleld crey/s were unable to advance 
weU screen and casmg at weU GW-BK-02BR due to an obstiiiction m the borehole. A 10-foot 
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section of screen was installed at this location. Some bedrock weU boreholes that did not mitially 
produce water were observed ovemight to assess the potential for groundwater production. 

The six weUs installed during the Phase 2 weU driUing activities at Study Areas 2, 16, and 
19 were mstalled m the same manner as Phase 1 activities. SpUt spoon samples, however, only 
were collected for sampUng purposes and Uthoiogy was logged from cuttmgs. 

Fifteen shallow wells were installed during the Phase 3 drilling activities using an auger 
and/or afr rotary drill rig with an Odex casing (outer) advancement system. Weathered rock 
(refusal) or competent bedrock was encountered during Phase 2 activities before reaching the water 
table while driUing boreholes at several planned well locations. For this reason, weUs were 
uistalled during Phase 3 usmg a combmation or afr and auger drilUng techniques to sufficientiy 
penetrate the groundwater table m any situation, specifically m the south to southeast portion of 
Area B where the groundwater table is deeper below land surface and in the bedrock only. Shallow 
wells were driUed in areas of low topography m Area B with an auger rig where the static water 
table exists primarily m the residuum. In areas where topographic highs exist onsite and the water 
table is within bedrock, an afr rotary rig with an Odex casmg advancement system was employed to 
penetrate bedrock and provide an open competent borehole for weU mstallation across the soil 
bedrock mterface (i.e., casmg off flowing soU and gravel along the soU bedrock interface). The 
borehole then was advanced a sufficient depth mto bedrock to screen off the top 10 to 15 feet ofthe 
static water table. If weU locations driUed with the auger rig encountered refiisal before entering the 
water table, the afr rotary driU rig was set up on the auger rig location to complete drilling and weU 
histallation mto rock. 

During the Phase 2 and 3 investigations, monitoring wells were constructed with prepacked 
wells screens because of the difficulty mstaUmg sand pack at the bedrock/soil interface during the 
Phase 1 hivestigation. The prepacked screens were constructed of PVC using a 10-foot screened 
mterval, 0.01-mch slot size, 6 mch O.D., and 4 mch mside diameter (I.D.). After the prepacked weU 
screen was mstalled, a sand pack was mstalled m the surroundmg weU annulus and fiUed a volume 
approxunately 5 feet above the top ofthe weU screen. These modifications to the original USAEC 
well constiuction requfrements were approved by the USAEC geologist. 

3.5.3.1 WeOI Construction and Development 

WeU construction was mitiated following the samplmg of each borehole to the completion 
depth. Wells were constructed with schedule 40 PVC riser and screen. The slot size for well 
screens was 0.010 uiches. Sand pack consisted of #5 global filter pack and the sand packs were 
UistaUed a minimum of 5 feet above the screened sections. Bentonite seals consisting of pellets or 
slurry were mstaUed a minimum of 5 feet above the sand pack. If field conditions warranted 
changes m the portions of sand pack, bentonite seal, or screen lengtii, variations from the standard 
well construction were documented and hnplemented after verbal discussions witii USAEC or a 
geotechnical representative. The borehole annulus above each weU seal was filled with a grout 
mbrture consistmg ofa bentonite/cement slurry mk requfred by USAEC specifications. Monitoring 
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wells then were secured with a concrete pad, protective casmg, and steel posts. DriUing, well 
construction logs, and well development records for each installed boring and monitoring well are 
provided hi Appendices D and E. 

WeU development was mitiated at aU newly mstaUed monitoring wells 48 hours after the 
placement of the mtemal mortar collar m accordance with USAEC protocols. TheweUs were 
developed usmg either a submersible stahUess steel pump and/or a PVC bailer, dependmg on the 
productivity ofthe well. The newly installed wells were developed by removmg a minimum offive 
tunes the volume of standmg water in the well, mcludmg the saturated annulus. Additional water 
volumes equivalent to five thnes the volume of drilling fluid losses to the borehole were removed as 
part of the well development. Specific conductivity, pH, and temperature measurements were 
obtamed periodicaUy during the weU development process. Stabilization of these parameters were 
used, in addition to produced groundwater volumes, as criteria for determining development 
completion; Groundwater clarity was qualitatively observed and documented during development. 
A groundwater sample from the developed weU was archived onsite. The developed water mitiaUy 
was contamerized m drums. The drums later were pumped mto a large polyethylene tank and 
transported to the onsite permitted faciUty for treatment and disposal. WeU development data are 
presented in Appendix G. 

3.5.4 Groundwater Sampling 

Prior to the collection of groundwater samples and at least 2 weeks after well development, 
each weU was purged m accordance with the procedures outlmed m tiie Supplemental RI/FS 
SAP/Work Plan (SAIC 1995a). Static water level measurements were taken in each well usmg an 
electric water level mdicator. Depths to groundwater were used to calculate the weU depths, 
borehole diameter, volume of standmg water m each weU, and requfred purge volume. 

For wells that recovered to the original static water level within 24 hours, at least five weU 
volumes of water were purged from each weU before samples were coUected. For wells with slow 
purge and recovery rates, wells were purged to dryness. If the well volume did not retum to 
90 percent ofthe mitial well volume within 1 hour, the well was pumped to. dryness a second time 
and sampled within 24 hours. Ifthe well volume recovered to at least 90 percent ofthe mitial well 
volume, five weU volumes of water were pumped before samplmg. This modification to the 
purging and samplmg procedure was approved by the USAEC geologist. Purging was conducted 
ushig a decontaminated, stamless steel Grundfos variable speed pump or a decontanunated PVC 
baUer. Field measurements for teniperature, pH, and specific conductivity were monitored during 
purging to ensure that these parameters had stabiUzed prior to sampUng. WeU purgmg ensured that 
a representative sample of the aquifer water (i.e., not stagnant weU water) was collected. Well 
purge water was containerized m 55-gaUon drums at each weU. The purge water from these drums 
later was pumped mto a large polyethylene tank and transported to the onsite pennitted faciUty for 
freatment and disposal. 
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Groundwater samples were coUected from the well as soon after purging as there was a 
sufficient volume of water in the well for the mtended analyses. Table 3-16 provides the chemical 
analyses that were conducted for the groundwater samples during each phase of field investigation. 
Groundwater was obtained usmg disposable pomt-source, bottom-fUlmg Teflon® bailers. Each 
sample container was triple rinsed with water from the weU to be sampled. Preserved VOC vials 
were not triple rinsed due to the presence of preservative m the botties. After the botties had been 
rinsed properly, groundwater samples were collected and dispensed dfrectiy into the appropriately 
labeled sample bottles. A sample was coUected to measure the final temperature, pH, and specific 
conductance unmediately after sample collection. Groundwater clarity was qualitatively observed 
and documented during development. 

Prior to the Phase 2 field operations m March 1996, groundwater data were coUected for 
eight wells located on the AUiance Coosa Pmes FaciUty (formeriy Kimberly-Clark) parcel and 
analyzed for explosives, explosives breakdown products, and lead. Two of the Alliance Coosa 
Pines (formerly Kimberly-Clark) wells were sampled during the Phase 3 activities m January 1997 
and sampled for explosives, explosives breakdown products, and lead. 

3.5.5 Surhice Water/Sediment Sampling 

Twenty-nine surface water locations (see Sheet 3-4) were identified for sampling during the 
Phase 1 investigation to characterize water quality and estimate the contammant contributions from 
each drainage area. These locations were sited to evaluate contamination from each standing water 
body and major tiibutary m Area B and assess potential contammation entering the Coosa River, 
Talladega Creek, and Little Blue Creek. Surface water samples coUected during Phase 1 were 
analyzed for VOCs, SVOCs, metals, total inetals, hexavalent chromium, pesticides/PCBs, and 
explosives and thefr byproducts. During Phase 2, surface water samples were collected from the 
Coosa River and several low-lymg wetiand areas in the southem portion of ALAAP - Area B 
(see Sheet 3-4). These samples were coUected to evaluate the potential for contammant migration 
from the groundwater to surface water bodies withui and downgradient from ALAAP - Areai B. 
Analytical parameters for each study area where suiface water samples were collected are shown in 
Table 3-1. Analytical parameters for the surface water samples collected during Phases 2 and 3 are 
listed m Tables 3-2 and 3-3, respectively. 

Sedhnent samples were coUected from the onsite sfreams and ditches at 200- or 500-foot 
mtervals (dependmg on the location and length of sfream) along transects perpendicular, to the site 
ditches and the Beaver Pond Dramage (see Sheet 3-2). For every tenth transect, sedunent samples 
were coUected and analyzed m tiie laboratory for VOCs, SVOCs, metals, hexavalent chromium, 
TOC, pesticides/PCBs, and explosives and thefr byproducts to quantitatively characterize the nature 
of potential contammants present m the sedunents. During the Phase 2 mvestigation, several 
sediment samples were coUected fiom Study Area 21 and the low-lymg wetiand areas m the 
southern portion of ALAAP - Area B (see Sheet 3-3). These sedhnent samples were coUected to 
evaluate the potential for contammant migration from the groundwater to surface water bodies and 
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Table 3-16. Well Samples and Analyses 

Alabama Army Ammunition Plant, Childersburg, Alabama 
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Samples 

SA • Site Type Site ID 
Field 

Sample 
Date Flag Depth 

Water Analyses 

Cr« voc EXP NOj P/PCB PAH PCP PO4 SVOCs 
total 

Metals 
Pb 

Only TOC 

JANVARV'95-PHASE 1 

3 

4 

5 

6 

7 

WELL 

WELL 
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WELL 
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WELL 
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WELL 
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P-60 

. D-10 

P-5 . 

P-31 

P-31 

P-7 
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P-10 
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P-62 

D-ll 

D-12 

D-3 
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P-11 

P-12 • 

P ^ l 

P ^ l 
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P-52 

P-52 
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SAIC02 
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SA1C02 
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1/11/95 

1/11/95 
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1/10/95 

D 

F 

D 

F 

F 

D 

5.15 

80.10 

29.04 

11.42 
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8.02 

15.45 

6.62 
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Table 3-16. Well Samples and Analyses 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

2" 
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Samples 

SA Site Type Site ID 
Field 

Sample 
Date Flag Depth 

Water Analyses 

Cr** VOC EXP NO, P/PCB PAH PCP PO4 SVOCs 1'Dtai 
Metals 

Pb 
Only TOC 

JANUARY'95-PHASE! (Continued) . 

7 

8 

9 

10 

16 

17 

19 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

P-52 

P-61 

P-63 

P-64 

P-13 

P-14 

P-17 

D-13 

D-13 

D-13 

D-14 

D-14 

P-44 

P-65 

P-66 

D-16 

D-17 

P-26 

P-68 

P-69 

D-15 

P-67 

P-82 

P-82 

P-82 

D-18 

D-19 

SAIC02 

SAICOl 

SAICOI 
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SAIC02 
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SAICOl 
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1/13/95 
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1/13/95 
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1/16/95 

1/16/95 

1/12/95 

1/12/95 

1/12/95 

1/16/95 

1/17/95 

DF 

D 

F 

D 

18.68 

18.76 

22.03 

22.24 

15.23 

16.24 

11.02 

23.16 

23.16 

23.16 

42.64 

42.64 

11.75 

19.91 

40.35 

59.01 

103.82 

48.66 

58.40 
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36.05 
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B- Table 3-16. Well Samples and Analyses 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 
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SA Site Type Site ID 
Field 

Sample 
Date Flag Depth 

Water Analyses 

Cr« VOC EXP NO, P/PCB PAH PCP PO4 SVOCs 
Total 

Metals 
Pb 

Only TOC 

JANUARV'9S PHASE I (Continued) . 

19 

21 

27 
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WELL 
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P-71 

D-9 

P-32 
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1/13/95 

r 

F 

F 

57.95 
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MAV'95 TO AUGUST'95 - PHASE 1 
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Table 3-16. Well Samples and Analyses 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

(.ft 

o 

> 
e tg 

O 

o 

Samples 

SA Sile Type Site ID 
Field 

Sample 
Date Flag Depth 

Water Analyses 

Cr« VOC EXP NO, P/PCB PAH PCP PO4 SVOCs 
Total 

Metals 
Pb 

Only TOC 

MAV '95 TO AUGUST '95 - PHASE 1 (Continued) 

4 

5 

6 

7 

8 

.-

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

GW-04-004 

GW-04-02BR 

OW-05-001 

P-7 

D-6 

GW-06-002 

P-10 

P-10 

P-10 

P-10 

P-35 

P-62 • 

D-7B 

D-7B 

D-7B 

D-7B 

P-11 

P-12 

P-41 

P-52 

P-61 

P-63 

P-64 

GW-06-001 

GW-06-001 

GW-08-001 

GW-08-001 

SAICOl 

SAICOI 

SAICOI 

• SAIC02 

SAICOl 

SAICOl 

SA1C02 

SAIC02 

SAIC03 

SAIC03 

SAICOl 

SAICOI 

SAICOI 

SAICOI 

SAICOl • 

SAICOl 

SAIC02 

SAICOI 

SAIC03 

SA1C03 

SAICOl 

SA1C02 

SAICOI 

SAICOl 

SAICOl 

SAICOl 

SAICOl 

5/18/95 

7/31/95 

6/7/95 

5/24/95 

5/19/95 

6/6/95 

5/23/95 

5/23/95 

5/23/95 

5/23/95 

5/21/95 

5/22/95 

5/23/95 

5/23/95 

5/23/95 

5/23/95 

5/22A»5 

5/21/95 

5/24/95 

5/22/95 

5/21/95 

5/24/95 

5/22/95 

6/6AI5 

6/6/95 

6/7/95 

6/7/95 

F 

D 

DF 

F 

F 

F 

F 

16.95 

22.23 

0.00 

12.20 

0.00 

0.00 

17.40 

17.40 

17.40 

17.40 

10.20 

30.67 

92.58 

92.58 

92.58 

92.58 

13.54 

20.80 

13.51 

18.92 

226.90 

23.00 

26.10 

0.00 

0.00 

0.00 

0.00 

• 
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• 

• 

• 

• 

• 

• 

• 
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Table 3-16. Well Samples and Analyses 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

n 
O 

> 

» 
to o o 

Samples 

SA Site Type Site ID 
Field 

Sample 
Date Flag Depth 

Water Analyses 

Cr** VOC EXP NOj P/PCB PAH PCP PO4 SVOCs 
Total 

Metals 
Pb 

Only TOC 

MAV'95 TO AUGUST'95 - PHASE 1 (Continued) 

8 

10 

16 

17 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

GW-08-02BR 

P-13 

GW-10-001 

GW-10-001 

GW-10-002 

OW-10-004 

GW-10-004 

GW-10-005 

GW-10-005 

GW-10-006 

GW-I0-03BR 

GW-I0-03BR 

P-44 

D-16 

P-68 

P-68 

P-69 

D-15 

GW-17-002 

GW-17-003 

GW-17-004 

GW-17-005 

GW-17-006 

GW-17-09BR 

GW-17-10BR 

P-67 

SAICOI 

SAIC02 

SAICOl 

SAICOl 

SAICOI 

SAICOI 

SAIC02 

SAICOl 

SA1C02 

SAICOl 

SAICOl 

SAICOl 

SA1C02 

SA1C02 

SAIC02 

SAIC02 • 

SAIC02 

SAIC02 

SAICOl 

SAICOl 

SAICOl -

SAICOl 

SAICOI 

SAICOI 

SAICOI 

SAIC02. 

7/28/95 

5/31/95 

5/17/95 

5/17/95 

5/19/95 

5/21/95 

5/21/95 

5/24/95 

5/24/95 

5/19/95 

8/1/95 

8/1/95 

5/21/95 

5/22/95 

5/22/95 

5/22/95 

5/24/95 

5/25/95 

5/30/95 

5/18/95 

5/19/95 

5/22/95 

5/24/95 

7/31/95 

7/31/95 

5/21/95 

F 

D 

D 

F 

• 

0.00 

22.51 

11.62 

11.62 

0.00 

8.32 

8.32 

18.92 

18.92 

0.00 

0.00 

0.00 

22.13 

60.19 

59.43 

59.43 

106.12 

37.02 

18.00 

27.63 

0.00 

44.43 

30.90 

0.00 

0.00 

35.14 
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Table 3-16. Well Samples and Analyses 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

n 
O 
3 

> 
B (g 

to o o 

Samples 

" s . Site Type Site ID 
Field 

Sample 
Date Flag Depth 

Water Analyses 

Cr« VOC EXP NOj P/PCB PAH PCP PO, SVOCs Total 
Metals 

Pb 
Only 

TOC 

MAV '95 TO AUGUST '95 - PHASE 1 (Continued) 

18 

19 

20 

21 

27 

BK 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

GW-18-001 

GW-18-pOl 

GW-18-001 

GW-18-001 

GW-18-002 

P-70 

P-70 

GW-18-003 

GW-20-002 

GW-20-01BR 

GW-20-03BR 

• D-9 

D-9 

P-8 

P-8 

D-4 

P-50 

P-51 

P-51 

D-20 

GW-BK-001 

GW-BK-001 

GW-BK-001 

GW-BK-02BR 

GW-BK-02BR 

GW-BK-02BR 

P-84 

SAICOI 

SAiCOl 

SAIC02 

SA1C02 

SAICOl 

SAICOl 

SAICOl 

SAICOl 

SAICOl 

SAICOl 

SAICOI 

SAIC02 

SAIC02 

SAICOI 

SAICOl 

SAICOl 

SAICOl 

SAIC02 

SAIC03 

SA1C02 

S/VlCOl 

SAICOI 

SAIC02 

SAICOl 

SAICOl 

SAIC02 

SAIC02 

5/31/95 

5/31/95 

5/31/95 

5/31/95 

5/24/95 . 

5/25/95 

5/25/95 

5/25/95 

9/1/95 

8/2/95 

7/31/95 

•5/25/95 

5/25/95 

5/23/95 

5/23/95 

5/21/95 

5/21/95 

5/21/95 

5/21/95 

5/30/95 

6/7/95 

6/7/95 

6/7/95 

8/1/95 

8/1/95 

8/1/95 

5/30/95 

F 

D 

DF 

F 

F 

F 

D 

F 

D 

F 

D 

41.66 

41.66 

41.66 

41.66 

10.58 

57.90 

57.90 

46.30 

20.50 

0.00 

0.00 

27.00 

27.00 

13.86 

13.86 

14.69 

11.53 

14.86 

14.86 

114.98 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

101.83 
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B- Table 3-16. Well Samples and Analyses 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

O 

L/ l 

> 
c 

to o o 

Samples ' 

SA SiteType Site ID 
Field 

Sample 
Date Flag Depth 

• Water Analyses 

Cr** VOC EXP ' 'NO, P/PCB PAH PCP PO4 SVOCs 
Total 

Metals 
Pb 

Only TOC 

MARCH'96 TO JULV'96 - PHASE 2 

2 

3 

4 

6 

8 

10 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

. WELL 

. WELL 

WELL 

WELL 

GW-02-001 

GW-02-P02 

GW-02-003 

GW-P2-003 

GW-02-003 

GW-02-003 

GW-04-001 

GW-04-001 

GW-21-0 IBR 

GW-21-01 BR 

GW-03-001 

GW-03-002 

GW-03-003 

GW-03-004 

GW-04-003 

GW-04-004 

GW-04-02BR 

GW-05-001 

GW-06-002 

GW-06-001 

GW-08-001 

GW-08-02BR 

GW-10-001 

GW-10-002 

GW-10-004 

GW-10-005 

GW-10-006 

GW-10-03BR 

SAIC02 

SAIC02 

SAICOl 

SA1C02 

SA1C03 

SAIC04 

SA1C02 

SAIC03 

SAIC02 

SAIC02 

SAIC02 

SAIC02 

SAIC02 

SAIC02 

SAIC02 

SA1C02 

SAIC02 

SAIC02 

SAIC02 

SAIC02 

SA1C02 

SA1C02 

SA1C02 

SA1C02 

SA1C03 

SA1C03 

SAIC02 

SAIC02 

5/30/96 

6/3/96 

7/12/96 

7/12/96 

7/25/96 

7/25/96 

6/4/96 

6/4/96 

6/4/96 

5/30/96 

6/4/96 

6/5/96 

6/3/96 

6/5/96 

6/2/96 

6/5/96 

6/4/96 

6/4/96 

6/2/96 

5/31/96 

5/30/96 

5/31/96 

6/2/96 

5/.30/96 

5/31/96 

5/31/96 

5/31/96 

5/31/96 

D 

D 

D 

15.62 

34.72 

10.09 

10.09 

11.84 

11.84 

21.52 

21.52 

44.50 

82.52 

11.57 

38.91 

51.04 

14.40 

25.32 

22.20 

19.30 

17.20 

10.18 

16.63 

15.60 

16.34 

5.94 

14.32 

7.39 

16.82 

12.39 

54.63 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• " ^ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

I 
8-
a 

ft 

& 



V V V 

•fl 
B-

Table 3-16. Well Samples and Analyses 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

n 
• a o 

Lft 

> 
E 

OQ 

c 
to 
o o 

Samples 

SA SiteType Site ID 
Field 

Sample 
Uate Flag Depth 

Water Analyses 

Cr** VOC EXP NO, P/TCB PAH PCP PO4 SVOCs Total 
Metals 

Pb 
Only TOC 

MARCH '96 TO JULV '96 - PHASE 2 (Continued) 

16 

17 

18 

20 

BK 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL. 

WELL 

WELL 

1 WELL 

GW-16-002 

GW-16-002 

GW-16-005 

GW-16-005 

GW-16-006 

GW-16-006 

GW-16-007 

GW-16-007 

P-68 

P-69 

GW-17-002 

GW-17-003 

GW-17-004 

GW-17-004 

GW-17-005 

GW-17-006 

GW-17-09BR 

GW-17-I0BR 

GW-18-001 

GW-18-002 

GW-18-003 

GW-18-003 

GW-20-002 

1 GW-20-0IBR 

GW-20-03BR 

1 GW-BK-001 

1 GW-BK-001 

GW-BK-02BR 

1 GW-BK-02BR 

SAICOl 

SAIC02 

SAICOI 

SA1C02 

SAICOl 

SA1C02 

SAICOl . 

SAIC02 

SA1C03 

SAIC03 

SA1C02 

. SA1C02 

SAIC02 

SAIC02 

SAIC02 

SAIC02 

SAIC02 

SAIC02 

SA1C03 

SA1C02 

SAIC02 

SAIC03 

SA1C02 

SAIC02 

SAIC02 

SAIC03 

SAIC04 

SAIC03 

SAIC04 

7/12/96 

7/25/96 

7/12/96 

7/25/96 

7/12/96 

7/25/96 

7/12/96 

7/25/96 

6/5/96 

6/5/96 

6/3/96 

6/2/96 

5/31/96 

6/1/96 . 

6/2/96 

6/5/96 

6/5/96 

6/2/96 

5/31/96 

6/2/96 

6/2/96 

6/2/96 

6/3/96 

6/2/96 

6/3/96 

5/30/96 

5/30/96 

5/30/96 

1 5/30/96 

D 

D 

D 

27.26 

28.90 

85.11 

85.75 

62.48 

61.32 

47.80 

49.11 

59.03 

106.42 

40.51 

22.67 

47.71 

44.50 

43.54 

38.43 

81.20 

82.09 

29.71 

9.74 

26.21 

26.21 

10.35 

19.61 

6.52 

20.94 

20.94 

22.02 

22.02 

• 
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• 

• 
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Table 3-16. Well Samples and Analyses 

Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

n 
Xi 
o 
3 

Lft 
Lft 

OQ 

c 
sa 
to 
o 
o 

Samples 

SA Site Type Site ID 
Field 

Sample 
Date Flag Depth 

Water Analyses 

Cr** VOC EXP NO, P/PCB PAH PCP PO4 SVOCs 
Total 

Metals 
Pb 

Only 
TOC 

MARCH'96 TO JULV'96 - PHASE 2 (Continued) 

KC WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

. MW-IOS 

MW2-11S 

MW-12S 

PMW-1 

PMW-3 

PMW-5 

PMW-7 

PMW-8 

SAICOl 

SAICOI 

SAICOl 

SAICOl 

SAICOI 

SAICOl 

SAICOI 

SAICOI 

3/21/96 

3/20/96 

3/20/96 

3/21/96 

3/21/96 

3/21/96 

3/21/96 

3/19/96 

44.75 

• 68.30 

87.20 

45.54 

55.66 

47.11 

27.21 

.29.00 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• . 

• 

• 

JANUARV'97-PHASE3 

2 

3 

6 

16 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL-

WELL 

WELL 

WELL 

GW-02-001 

GW-02-002 

GW-02-003 

GW-02-005 

GW-04-001 

OW-04-001 

GW-03-001 

GW-03-002 

GW-03-003 

GW-03-004 

GW-03-005 

GW-06-002 

GW-16-002 

GW-16-005 

GW-16-006 

GW-16-006 

GW-16-007 

P-68 

P-69 

SAIC03 

SAIC03 

SAICOS 

SAICOl 

SA1C04 

SA1C04D 

SA1C03 

SAIC03 

SAIC03 

SAIC03 

SAICOl 

SA1C03 

SA1C03 

SA1C03 

SA1C03 

SA1C03D 

SA1C03 

SA1C04 

SA1C04 

1/19/97 

1/16/97 

1/17/97 

1/21/97 

1/15/97 

1/15/97 

1/19/97 

1/17/97 

1/16/97 

1/17/97 

1/19/97 

1/16/97 

1/17/97 

1/17/97 

1/20/97 

1/20/97 

1/19/97 

1/20/97 

1/21/97 

D 

D 

10.80 

28.85 

3.37 

34.90 

13.00 

13.00 

6.05 

48.02 

39.00 

4.77 

11.16 

7.40 

25.68 

79.79 

59.12 

59.12 

42.65 

55.79 

103.28 
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B- Table 3-16. Well Samples and Analyses 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

?? 
n 
O 

Lft 

> e 
OQ c 

to 
o o 

Samples 

SA Site Type Site ID 
Field 

Sample 
Date Flag Depth 

Water Analyses 

Cr** VOC EXP NO, P/PCB PAH PCP PO4 SVOCs J"'"' 
Metals 

' ' '• TOC Only ' " ^ 

JANUARV '97 - PHASE 3 (Continued) 

17 

18 

20 

22 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

, WELL . 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

WELL 

GW-17-002 

GW-r7-003 

GW-17-004 

GW-17-005 

GW-17-006 

GW-17-011 

GW-17-012 

GW-17-013 

GW:17-014 

GW-17-014 

GW-17-015 

GW-17-016 

GW-17-018 

GS-17-019 

P-67 

P-82 

GW-18-001 

GW-18-001 

. GW-18-002 

GW-18-005 

GW-18-005 

GW-18-003 

GW-18-003 

GW-18-006 

GW-18-007 

GW-20-002 

GW-22-001 

GW-22-001 

GW-22-002 

SA1C03 

SA1C03 

SAIC03 

SAIC03 

SAIC03 

SAICOI 

SAICOI 

SAICOl 

SAICOl 

SAIC02 

SAICOl 

SAICOl 

SAICOl 

SAICOI 

SAIC03 

SA1C03 

SA1C04 

SAIC04D 

SA1C03 

SAICOI 

SAICOID 

SA1C04 

SAJC04D 

SAICOl 

SAICOI 

SAIC03 

SAJCOl 

SAICOID 

SAICOI 

1/20/97 

1/16/97 

1/17/97 

1/16/97 

1/19/97 

1/16/97 

1/17/97 

1/20/97 

1/16/97 

1/22/97 

1/20/97 

1/22/97 

1/19/97 

1/17/97 

1/20/97 

1/20/97 

1/17/97 

1/17/97 

1/16/97 

1/19/97 

1/19/97 

1/15/97 

I/I 5/97 

1/19/97 

. 1/17/97 

1/17/97 

1/21/97 

1/21/97 

1/22/97 

D 

D 

^ 

D 

36.24 

21.18 

42.26 

33.16 

33.79 

39.06 

33.77 

70.53 

119.45 

120.65 

44.71 

74.28 

10.57 

60.58 

31.55 

97.00 

35.36 

35.36 

6.25 

55.37 

55.37 

23.38 

23.28 

19.56 

6.29 

4.58 

33.77 • 

33.77 

17.48 
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• 
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Table 3-16. Well Samples and Analyses 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

n 
o 

Samples 

SA Site Type Site ID / ' ' ' I Date Flag 
Sample 

Depth 

Water Analyses 

Cr** VOC EXP NO, P/PCB PAH PCP PO4 SVOCs J " ' " ' 
Metals Only ^ ^ ^ 

JANUARY'97-PHASE 3 

BK 

KC 

WELL 

WELL 

WELL 

WELL 

WELL 

GW-BK-OOI 

GW-BK-OOI 

P-83 

PMW-1 

PMW-5 

SAIC05 

SA1C05D 

SA1C02 

SA1C02 

SAIC02 

1/19/97 

1/I9/.97 

1/20/97 

1/20/97 

1/20/97 

D 

17.91 

17.91 

63.93 

47.80 

46.23 
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subsequent deposition m the sedunents. All sedunent samples were coUected from depths of 0 to 6 
mches BLS with the exception ofthe subsurface samples collected from 5 feet BLS at Study Area 
21. Analytical parameters for each study area are shown m Table 3-1) Analytical parameters for 
the sedunent samples coUected during Phases 2 and 3 are Usted m Tables 3-2 and 3-3, respectively. 

Sedunent samples were collected from Study Area 9 during the Phase 1 investigation; 
however, the tar-like material was not characterized. Concems pertaming to disposal ofthe tar-like 
material was expressed. Therefore, tar samples and additional sedhnent samples (below the tar) 
were collected at Study Area 9 to characterize the tar and evaluate possible leaching mto the 
underlymg sedunent. The locations ofthe sedunent samples collected during Phase 4A are shown 
on Sheet 3-3. Sedunent samples were collected by removmg the layer of tar-like waste material 
with a backhoe. A sediment sample was collected from the sidewall of the excavation where 
sediriient was discolored or stained. Analytical parameters for the sedhnent samples coUected 
during Phase 4A are provided m Table 3-4. 

3.5.6 Tar Sampling 

Tai samples were collected from Study Area 9 during the Phase 4A investigation to 
characterize the tar-like material and evaluate whether the substance is a hazardous or nonhazardous 
waste accordmg to RCRA. Two samples were coUected from a central area m the tar-like material 
located in the southem portion of Study Area 9. The sample locations are shown on Sheet 3-3. 
Because the thickness of the waste material was unknown, an mitial boring (hand auger) was 
advanced to detennine the thickness and the appropriate depth from which to. coUect a 
representative sample. Samples were coUected at 0.5 feet BLS, below the hardened weathered 
surface ofthe tar-like waste. 

Sample depths were obtauied usmg a hand auger to driU to the selected sample depth. A 
hand operated slide hammer equipped with a 0.5- to 1-foot core barrel was used to collect the 
samples. Samples were analyzed for the parameters mdicated m Table 3-4. 

Using measurements taken m the field, the approximate surface area ofthe tar-like material 
was 9,078 square feet. The depth of tar-like material was measured at numerous pomts m the area 
and found to be approxunately 7 to 12 mches in thickness. The volume ofthe tar-like material was 
estunated as approxhnately 5,295 to 9,078 cubic feet. 

hi February, Envfronmental Chemical Corporation (ECC) excavated tiie tar from tiie 
AniUne Sludge Basm (ECC 1999). ECC first set up a 50- by 50-foot grid system. Grids were 
identified for excavation by collectmg preUmmary samples tiiat were sent to ADEM for a waste 
profile approval. When approval was received, grids contammated wdth tar were excavated until the 
tar was no longer visible and then an additional 6 mches of material were excavated. Confirmatory 
samples were coUected and analyzed for metals and SVOCs. The samples showed no exceedances 
of ADEM's TCLP regulatory Umit. The total amount of material excavated was 3,063 cubic yards. 
The excavation area was then backfilled, compacted, and seeded (ECC 1999). 
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3.5.7 Test Pit Excavation and SoU Sampling 

During the Phase 4A mvestigation, test pits were excavated at five selected manhole 
locations. The locations of the manholes are shown in Figure 3-3. SoU was excavated fix)m the 
outside of each manhole vault. Two samples were coUected from each test pit. Soil samples were 
collected from areas at the base of each vaulted area just below the concrete footer/slab m soils that 
were stamed or discolored. If soU discoloration or stauiing was not present, one soil sample was 
collected at the bottom (5 to 10 feet) of the concrete footer at the base of the manhole and the 
second soU sample was coUected at a depth approxunately 2 feet below the bottom (8 to 12 feet) of 
the concrete footer. The 10 soU samples coUected from the test pit excavations were sent to the 
laboratory and analyzed for soil pH, metals, and SVOCs. 

The manhole vaults are constructed of fire-retardant brick and mortar and a concrete footer 
or slab (1 to 2 feet thick) installed at the base ofthe manhole vault (see Appendix D). At several 
manhole locations, the concrete and mortar were found iu a state of deterioration and decay when 
the test pits were excavated. 

The test pits were excavated using a backhoe at each manhole location; precautions were 
taken to avoid rupturing the intact sewerlines. The soU was returned as backfiU when tiie pit 
excavation was complete. The backhoe bucket was used to coUect soU from the excavation and the 
samples were coUected dfrectiy from this bucket. Care was taken to ensure that soU that had been in 
contact with the backhoe bucket was not collected as part of the sample. The samples were 
collected using stainless steel samplmg utensUs and placed in a stainless steel mixmg bowl. 

SoUs encountered in the test pits were sunilar and consisted of reddish brown to brownish 
yeUow silty clay. SoU staining and discoloration were present in test pit excavations at locations 
TP-08-008, TP-08-009, and TP-08-023. 

3.5.8 Equipment Decontamination 

DrilUng equipment (e.g., rig, tools, augers, and bits), weU purging equipment, and weU 
screen and casmg materials were decontaminated by steam washing the equipment with a 
laboratory-grade nonphosphorous detergent (i.e., Alconox®) solution and rinsmg materials with 
water from the approved potable source. All driUmg equipment was decontaminated between 
drilling locations. Decontaminated equipment was wrapped m plastic for transport to the site to 
prevent contamination of the equipnient and materials. Sampling and weU development 
equipment (i.e., bailers, core sampler, hand auger, and split spoon samplers) coming in direct 
contact with the sample media were decontammated usmg the procedure Usted below: 

• Scrub the equipment with a solution of laboratory-grade detergent (Alconox®) usmg a 
brush 

• Rinse the equipment with potable water 
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• Rinse the equipment with deionized water 

• Rinse the equipment with isopropanol and afr dry 

• Ruise the equipment with deionized water again, afr dry, and wrap in aluminum foU. 

Decontaminati'on rinsate from soil sampling activities was collected and containerized 
pendrng the results of chemical analyses at the respective study areas. Generated waste sfreams 
were segregated by study area to reduce potential disposal quantities. Decontammation rinsate 
resultmg from well development activities was containerized m drums. The drums later were 
pumped into a large polyethylene tank and d-ansported to the onsite mcinerator faciUty for freatment 
and disposal. 

3.5.9 Geotechnical Testing 

SoU and sediment samples were coUected from boreholes and surface samplmg locations 
during Phase 1 for tiie determmation of pH (EPA SW846 Method 9045), cation exchange capacity 
(CEC) (EPA SW846 Metiiod 9080), gram size (ASTM D-422), Atterberg lunits (ASTM D-4318), 
unified soil classification (ASTM D-2488), organic carbon (EPASW846 Metiiod 9060), and 
moisture content (ASTM D4959-89). Sediment sample locations mcluded the Aniline Sludge 
Basm, Red Water Storage Basui, the Beaver Pond Drahiage, Crossover Ditch, and Red Water Ditch. 
SoU samples coUected for geotechnical analysis were selected from each study area. During 
Phase 1,2 surface soU samples and 38 soil boring samples were analyzed for pH and CEC. Five 
sedunent samples and 55 soU samples from soil borings also were analyzed during the Phase 1 
mvestigation for grain size, Atterberg lunits, and unified soU classification. SoU and sedunent 
samples were coUected during Phase 1 for geotechnical analysis and selected based on the foUowing 
criteria: 

• Representative samples from each study area 
• Samples from soil above and below the groundwater table 
• Sainples that deviated from typical soils 
• Sedhnent samples. 

Geotechnical analyses were completed by Law Engineering of Atlanta, Georgia. Data fiom these 
analyses are summarized m Section 4 and Appendbc F. No additional geotechnical analyses were 
conducted during the Phase 2 and Phase 3 mvestigations. 

3.6 HYDROGEOLOGICAL INVESTIGATIONS 

The hydrogeology of ALAAP was mvestigated through quantitative measurements of 
groundwater and surface water elevations and aquifer testmg tiirough slug testing of mstalled 
monitoring wells. The results of these measurements were used to construct groundwater flow 
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maps, map the spatial distiibution of hydraulic conductivity values, and estimate groundwater flow 
velocities. 

3.6.1 Groundwater/Surface Water Elevation Measurements 

Eleven rounds of groundwater elevation measurements were obtained between September 
1994 and January 1997 from existing weUs mstalled by ESE m both Areas A and B, and from each 
RI monitoring well mstalled m 1995, 1996, and 1997. Manual water level measurements were 
obtained using elecfronic sounding devices and the measured groundwater depths were referenced 
in aU mstances to the surveyed top of the PVC weU casing. Ten continuous water level recorders 
were installed m strategic wells. Five of the recorders were mechanical Stevens continuous chart 
recorders mstaUed m GW-17-004, GW-04-003, P-11, GW-06-001, and P-26. The mechanical 
recorder mstalled m P-26 later was moved to GW-16-007. The other five recorders were digital 
Stevens 420 Data Loggers mstaUed m GW-17-09BR, GW-04-02BR, GW-20-03BR, GW-10-001, 
and GW-20-002, and were programmed to measure water levels every half hour. The digital 
recorder mstalled m GW-20-002 later was moved to GW-16-002. Data were coUected. from the 
water level recorders every 30 days between August 1995 and May 1997. Groundwater elevation 
measurements are provided in Section 4 and Appendbc G. 

Sbc rounds of groundwater elevation measurements were obtained between November 1995 
and January 1997 from 12 weUs located on the AUiance Coosa Pmes FacUity (formerly Kimberly-
Clark) parcel south of ALAAP. Partial survey data were provided by Kimberly-Clark for selected 
wells, and the remainmg locations were estimatetl by transferring the mapped locations from maps 
provided by Kimberly-Clark to a historical map of the ALAAP facility. Top of casmg elevations 
were provided by Kimberly-Clark and measured depths to water (below top of casing [BTOC]) 
were obtamed by SAIC persormel under the supervision of Kimberly-Clark. 

Seven rounds of surface water measurements were obtamed between June 1995 and 
December 1996 from 12 staff gauges mstalled during the RI activities. Staff gauge measurements 
were obtamed by measuring the depth to water below a surveyed point on the staff gauge. These 
gauges were used to detemiine the variabUity of the surface water levels withm the pond areas. 
Surface water level data are provided m Section 4 and the locations ofthe staff gauges are shown on 
Sheet 3-4. 

3.6.2 Slug Testing 

Aquifer slug tests were conducted on 42 groundwater monitoring weUs at ALAAP 
(see Table 3-17) during tiie Phase 1 Supplemental RI field effort to determme the hydrauUc 
conductivity of the screened aquifer. Slug tests were not conducted on the monitoring weUs 
mstaUed during Phases 2 or 3. Slug tests were conducted to measure the rate of recovery m wells 
after a known volume of water is added (falUng head test) or removed (rismg head test). Rishig 
head permeabiUty slug tests were conducted at ALAAP and well recharge measurements were 
coUected to within 90 percent ofthe static water level. 

Final RI Report 3-61 August 2001 



Methods and Procedures 

Table 3-17. Slug Tests Conducted in Monitoring Wells During Phase 1 
Alabama Army Ammunition Plant, Childersburg, Alabama 

study 
Area 

2 

3 

4 

' 5 

6 

8 

10 

17 

18 

20 

Well 
Number 

GW-02-001 

GW-02-002 

GW-03-001 

GW-03-002 

GW-03-003 

GW-03-004 

GW-04-001 

GW-04-02BR 

GW-04-003 

GW-04-004 

GW-05-001 

GW-06-001 

GW-06-002 

GW-08-001 

GW-08-02BR 

GW-10-001 

GW-10-002 

GW-10-03 BR 

GW-10-004 

GW-10-005 

GW-10-006 

GW-17-001 

GW-17-002 

GW-17-003 

GW-17-004 

GW-17-005 

GW-17-006 

GW-17-007 

GW-17-09BR 

GW-17-10BR 

GW-18-001 

GW-18-002 

GW-18-003 

GW-20-01BR 

GW-20-002 

GW-20-03BR 

Slug Test 
Conducted 

• 

• 

• 

• 

• 

• 

• 

• 

V 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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• 

• 

• 

• 

• 

• 

• 

• 

• 
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Table 3-17. Slug Tests Conducted in Monitoring Wells During Phase 1 
Alabama Army Ammunition Plant Childersburg, Alabama (Continued) 

study 
Area 

21 

BK 

7 

8 

27 

Well 
Number 

GW-21-0 IBR 

GW-21-02BR 

GW-BK-001 

GW-BK-02BR 

P-12 

P-52 

P-13 

P^14 

P-50 

P-51 

Slug Test 
Conducted 

• 

• 

• 

• 

• 

• 

• 

• 

• 

NOTES: 

Total of 42 wells slug tested. 
Total of 36 SAIC welis slug tested. 
GW-20-002 was retested. 

Prior to starting each slug test, the initial water level and total depth of the monitoring well 
were measured to the nearest 0.01 foot and were recorded m the field logbook. The Hermit data 
logger (model SE lOOOC) was caUbrated accorcUng to the manufacturer's mstructions for slug tests 
with a logarithmic tune scale in minutes and hours, and draw-down in feet. A pressure transducer 
(50 pounds per square inch [psi]) was lowered to between 0.1 and 2.4 feet from the bottom ofthe 
well. A decontaminated submersible pump with tubmg was lowered into the weU and positioned 
approxunately 1 to 2 feet above the transducer. The water in the weU was allowed to stabilize prior 
to hiitiating the slug test. Prior to initiating the slug removal, field personnel recorded the initial 
water level, stabUized water level, transducer depth, pump depth, data logger test number, and 
corresponding well number m a field logbook. 

The well was purged until the water level was at the same depth as the pump mtake. Purge 
water was containerized in 55-gallon drums. Simultaneously, the pump was tumed off and the 
Hermit data logger was turned on to begm collecting recharge data. The depth to water was 
detennined usmg the Hermit data logger and a water level indicator (WLI) whUe the test was 
running. After reachmg 90 percent recharge, the Hermit program was terminated, the equipment 
was removed, and the weUs were secured. 

Data obtained during each slug test were stored on computer disk and the data were 
analyzed usmg curve matchmg techniques m the AQTESOLV® (Geraghty and Miller 1991) 
software package. An mitial curve match was obtained usmg automatic, non-lmear curve 
matching and the curves were adjusted manually. The data were analyzed using the Bouwer and 
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Rice (1976) and Cooper et al. (1973) analytical methods for imconfined or leaky confined 
aquifers. Hydraulic conductivity values were estunated from slug tests conducted at 42 
monitoring wells associated with 12 RI sites. The results ofthe slug test analyses are provided in 
Section 4 and data plots for each test are provided m Appendix G. 

3.7 ECOLOGICAL INVESTIGATIONS 

Biological samplmg of both aquatic and terrestrial biota and ecotoxicological bioassays 
were conducted durhig Phase I of tiie Supplemental RI at ALAAP. The prunary goal of the 
ecological mvestigations was to gather site-specific data for use in the ecological risk 
assessment. 

In addition, the sampling provided an indication of the overall health of the ecosystem 
that exists on ALAAP. The biological sampling also provided information for the human health 
risk assessment, to determine if human receptors are at risk from contact with contaminated 
terresfrial or aquatic plants and animals. During Phase 2 of the Supplemental RI, additional 
ecotoxicological bioassays were conducted based on the site-specific results and ecological 
chemicals of concern (ecoCOCs) identified during the Phase 1 frivestigation (SAIC 1996c). 
Additional refinement of the ecoRGOs was an objective of conducting the bioassays during 
Phase 2. 

3.7.1 Aquatic Environment 

This section sunimarizes the field methods used during the Phase I Supplemental RI to 
sample aquatic biological resources, includmg benthic macrohivertebrates, crayfish, and fish. 
The field standard operatmg procedures (SOPs) are detailed m the SAP/Work Plan 
(SAIC 1995a). 

3.7.1.1 Benthic Macroinvertebrate Collection 

Benthic macromvertebrate samplmg was conducted during Phase 1 of the Supplemental 
Rl usmg ALAAP FTP-ALAAP-01, Bentiiic Macromvertebrate Collection, as detailed m tiie 
SAP/Work Plan (SAIC 1995a). Benthic macromvertebrate sampling was conducted from May 
17 through 19, 1995. Samples were collected from a background location (Fannuig Branch), 
Crossover Ditch (near SW03 and SW07), Red Water Ditch (near tiie elbow), the east Beaver 
Pond, and Talladega Creek. The sample locations are shown m Figure 3-5. 

Organisms were collected using kicknets and then removed from the kicknets usmg 
stamless steel forceps. Once collected, the organisms were identified to thefr taxonomic family 
and preserved m labeled contamers filled witii 70 percent (v/v) ethanol. Preservation was 
conducted to archive the organisms for fiiture examination or verification of identification. 
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3.7.1.2 Crayfish Sample Collection 

Crayfish were coUected during Phase 1 from June 15 through August 4, 1995, usmg 
ALAAP FTP-ALAAP-02, Crayfish CoUection, as detailed m tiie SAPAVork Plan (SAIC 1995a). 
Crayfish were sampled from background locations (Fanning Branch and TaUadega Creek near 
Kamauga MiU), Crossover Ditch (near SW03 and SW07), Red Water Ditch, tiie east Beaver Pond, 
and TaUadega Creek (near SW24). The crayfish sampUng locations corresponded to surface water 
sampUng locations (see Figure 3-5). 

Crayfish were collected ushig two live-capture techniques. The first technique used traps 
obtauied from Memphis Net and Twine. The traps were approxunately 12 by 12 by 18 uiches and 
were constructed from wooden slats with a smgle entry. The traps were baited with chicken necks. 
Two different batches of chicken necks were used during the samplmg. A 300-gram aliquot of each 
batch of chicken necks was wrapped m alummum foU, bagged, labeled, frozen, and sent to the 
analytical laboratory for verification that they were not a potential source of contaniinants via 
mgestion by the crayfish. At each sampling location, the traps were placed in the water within 
10 feet of the sfream bank. The traps were checked daUy. At the completion of the samplmg 
activities, the traps were removed from the creek and disassembled. 

Because the traps m the background locations yielded no crayfish, the field team used a 
second Uve capture technique (i.e., hand captures) at the Kamauga MiU background site on 
Talladega Creek. Hand capture was not necessary at other sites because the crayfish traps provided 
enough organisms. 

Immediately after capture, the crayfish were placed mto a Ziploc® plastic bag and placed on 
ice m coolers. Upon retifrn to the SAIC field office at ALAAP, the crayfish were rinsed with 
deionized (DI) water, rewrapped m fresh alumuium foil, bagged, labeled, and frozen at -20°C. At 
SAIC offices m Oak Ridge, Tennessee, mdividual taU muscle was excised fix)m three fixjzen 
crayfish samples (approximately 6 to 8 grams each sample), rewrapped m fresh aluminum foil, 
bagged, labeled, and kept frozen at -20 °C until and during shipment to the analytical laboratory. 
After the taU muscle had been excised, the remaining carcass was rewrapped m fresh aluminum foil, 
bagged, labeled, and kept frozen untU and during shipment to the analytical laboratory. Crayfish taU 
muscle and body parts as weU as whole-body crayfish from ALAAP - Area B were analyzed for 
pesticides/PCBs, SVOCs, explosives and explosive byproducts, and metals. Chemical analysis of 
all biological tissue was completed by EA Laboratories of Sparks, Maryland. 

3.7.1.3 Fish Collection 

Fish were" coUected during Phase 1 from May 17 tiirough 24, 1995, usmg ALAAP 
FTP-ALAAP-03, Fish CoUection, detaUed m tiie SAP/Work Plan (SAIC 1995a). Fish were sampled 
at Fannmg Branch (background), Crossover Ditch (at locations SW03 and SW07), Red Water 
Ditch, the east Beaver Pond, and Talladega Creek (see Figure 3-4). Fish were retrieved from 
sfreams and ponds usmg elecfroshocking. Backpack elecfroshockers were used at all locations 
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except Crossover Ditch near SW-07, the Beaver Ponds, and TaUadega Creek, where a boat-mounted 
elecfroshocker was used. Boat-mounted elecfroshockmg was used when the water bodies were too 
deep and/or volummous to be sampled by persoimel wearing backpack elecfroshocking equipment. 
Fish and Wildlife Associates, Inc., of Whittier, North Carolma, assisted with the boat-moimted 
elecfroshocking. Stunned fish were coUected and kept m buckets containing water fixim the 
coUiection location untU processing for analysis. 

At each site, the objective was to obtain two fiUet samples with thefr corresponding 
"remains" samples, in addition to two whole body samples and four composite whole body samples. 
Any fish that was deemed unsuitable for the analytical samples (e.g., tod smaU or incorrect species) 
was released back to the location fixim which it was collected. FUlets were excised fix)m the whole 
bodies at the SAIC field office at ALAAP. Fish that were selected for the analytical samples were 
wrapped m foU, placed m Ziploc® plastic bags, and frozen at -20 °C until they were shipped to the 
analytical laboratory. Fish fiUets, remams, and whole-body fish were analyzed for pesticides/PCBs, 
SVOCs, explosives and explosive byproducts, and metals. 

3.7.2 Terrestrial Environrhent 

This section discusses the method used during the Phase 1 Supplement^ Rl for collecting 
terrestiial biological samples. The field SOPs are detaUed m tiie SAP/Work Plan (SAIC 1995a). 

3.7.2.1 Small Game Collection 

Rabbits were coUected m June 1995, usmg ALAAP FTP-ALAAP-04, Small Game and 
Game Bfrd Collection, as detailed m tiie SAP/Work Plan (SAIC 1995a). The SAP specified tiiat 
either quail, rabbits, or squirrels (in that order) could be coUected for analysis. Game bfrds and 
squfrrels were not collected during the study due to thefr low avaUabiUty. 

Rabbits were coUected from a background location (northeast part of Area A) and at the 
Northem TNT Manufacturing Area (Study Area 7), Study Area 8, the Tetryl Manufacturing Area 
(Study Area 10) (westem part). Study Area 17 (upper part), and Study Areas 16/19 usmg active and 
passive Uve capture techiuques. The sample locations are shown m Figure 3-5. The active Uve 
capture method consisted of spotiight unmobilization and netting. For this technique, a spotUght 
was used during the hours of darkness to locate and "immobilize" rabbits by shining the spotlight on 
them. Most ofthe temporarily hnmobUized rabbits were captured m nets, but a few were sacrificed 
with a headshot from a slmgshot and stamless steel ball bearings. The passive Uve capture 
teclmique consisted of Uve-trapping usmg a Hava-Hart box trap. The Uve-ti^ps were baited with 
fresh apple pieces. A total of 15 traps were placed m travel corridors, mostiy along the edges of old 
and new roads. The traps were checked each mommg and evening. 

The captured rabbits were prepared m the field by cervical dislocation, stored hi plastic 
bags, and then placed m ice-filled coolers. The prepared carcasses then were wrapped m aluminum 
foil, bagged, labeled, and placed mto a locked freezer at approxhnately -20 °C until tiiey were V 

Final RI Report 3-67 August 2001 



Methods and Procedures 

shipped to the analytical laboratory; Rabbit muscle was removed from the skeleton at the analytical 
laboratory, and the muscle was analyzed for pesticides/PCBs, SVOCs, explosives and explosive 
byproducts, and metals. 

The analysis of tissue from rabbits, fish, and crayfish served two exposure purposes: they 
were analyzed for mgestion by humans and they were analyzed for mgestion by ecological 
receptors. Various chemicals bioaccumulate m such body locations as bones, kidneys, Uvers, 
hearts, and brams. However, the purpose ofthe contammant body burden measurements was not to 
fiuther document this fact, but rather to characterize those parts (muscle and whole body) eaten by 
receptors. In the case of human exposures, it was assumed that humans eat rabbit muscle, fish 
muscle (fiUets), and crayfish. In the case of ecological receptors, it was assumed that receptors 
(and/or herons) ate rabbit muscle, whole body fish, an whole body crayfish. Thus, m some cases, 
not only the muscle but also the blood, bone, fat, and other body parts were analyzed chemically. 

3.7.3 Rapid Bioassessment Protocol H 

Benthic macromvertebrate sampling mitiaUy was intended to be conducted using ALAAP 
FTP-ALAAP-05, Rapid Bioassessment Protocol (RBP) U, as detaUed m tiie SAP/Work Plan 
(SAIC 1995a). RBP II can be used to prioritize sites for more intensive evaluation (e.g., RBP UI, 
repUcate sampling, and ambient toxicity testing). RBP U samplmg utilizes the systematic field 
coUection and analysis of major benthic taxa at the famUy taxonomic level. RBP II consists of a 
biosurvey component and an evaluation of water quality and habitat assessment for each sampling 
station, using standardized samplmg techniques. The RBP II focuses on rifQe/nm habitat because it 
is the most productive habitat. RBP II also consists of the collection and evaluation of coarse 
particulate organic matter (CPOM) samples to measure effects from toxicants on the Shreders 
frophic component ofthe benthic conimunity. Biological hnpafrment ofthe benthic community can 
be mdicated and measured by the followmg: 

• Absence of generally pollution-sensitive taxa, such as Ephemeroptera, Plecopetra, and 
Trichoptera (EPT) 

• Dominance by any particular tason, especially poUution-tolerant, forms, such as 
Chfronimidae and OUgochaeta 

• Low overall number of taxa 

• Major shifts m community composition relative to the reference site conditions. 

On tiie basis of observations from tiie biosurvey, habitat assessment, and water quaUty, the 
investigator concludes whether unpairment is detected. 

Sfream conditions at ALAAP during the benthic macromvertebrate samplmg were not 
conducive to performmg the biosurvey component accordmg to RBP II. For example, most ofthe 
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dramages or sfreams did not contam riffle areas, as expected, and CPOM samples were not 
successfiilly collected, which precluded usmg the RBP II biosurvey techniques. However, the 
benthic macromvertebrate samples were collected successfidly using ALAAP FTP-ALAAP-01, 
Benthic Macromvertebrate CoUection, as discussed in Section 3.7.1.1. In addition, water quality 
measurements were obtained along with the benthicmacroinvertebrate samples. 

3.7.4 Bioassays 

This section describes the methodologies for soU, sediment, and surface water media 
toxicity tests that were used for samples from ALAAP. The media toxicity tests were conducted by 
Toxicon Envfronmental Sciences of Jupiter, Florida, usmg standardized, approved methods. Media 
toxicity tests were conducted during the Phase 1 Supplemental RI in a two-staged approach 
(refeired to as Stage I and Stage II). Stage I studies were conducted usmg undiluted sample media. 
Any samples that exhibited toxicity during tiie Stage I studies were subject to fiuther testmg m the 
Stage D hivestigation to confirm the presence of toxicity. Stage U studies mvolved repeatmg tiie 
toxicity tests with a newly collected sample from the station that was toxic during Stage I. 

A range of site concentiations was mcluded m the 1995 bioassays (when most bioassays 
were performed). The approach to the 1996 bioassays (when fewer bioassays were performed) wjis 
to identify the highest observed concentrations to mcrease the range ofthe 1995 data. Only a few 
abiotic measurements were available m 1995. Between the 1995 and 1996 bioassays, many more 
abiotic measurements were taken and, therefore, locations with high concentrations could be 
identified for the additional bioassays. This 2-year approach provided concentrations ranging from 
background or reference through intermediate to high. 

SoU samples for the Stage I media toxicity studies were coUected from ALAAP Study 
Areas 7, 8, 17, 16/19, and a background location on June 23, 1995. Sample locations are shown m 
Figure 3-6. Two types of soil toxicity tests were conducted, and each utilized a reference location 
soU and a confrol soU (artificial soil prepared by mbcmg, on a weight basis, 10 percent 
2.36 mm-screened sphagnum peat, 20 percent coUoidal ka:oUnite clay, and 70 percent siUca sand). 
Earthworm toxicity tests were performed accordmg to methods in 50 Federal Register (FR) 122. 
The earthworm toxicity tests were 14-day exposures that measure survival of Eisenia foetida m bulk 
soU samples. The earthworms were not fed during the tests. The tests were considered acceptable if 
mean survival m the confrols was >90 percent. 

The second type of soU toxicity test that was used for samples from ALAAP was a 120-hour 
seed germmation test that was conducted accordmg to methods m 50 FR 188. The seed germination 
test used the herbaceous winter aimual, Arabidopsis thaliana, and measures the number of 
germinated seed m buUc soU samples. An acceptable test is obtamed when mean germmation in the 
confrol soils is s90 percent. Stage II tests were not required because no toxicity was observed 
during the Stage I soil toxicity tests. 
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Sedunent samples for the Phase 1 Stage I studies were collected from ALAAP Study 
Areas 21 and 26, and a background location on June 22, 1995 (see Figure 3-5). The media toxicity 
tests were conducted accorduig to American Society for Testmg Materials (ASTM) Metiiod 
1383-Al (ASTM 1994). The toxicity test used buUc sedunent and a 10-day exposure that measures 
survival ofthe amphipod, Hyalella azteca. 

Sedunent samples for the Phase 1 Stage U studies were coUected from the same two 
locations at ALAAP (m addition to the background location) that were sampled during Stage 1. The 
samples for Stage II were collected on August 2, 1995. The media toxicity tests for Stage II were 
the same as those performed for Stage I. During the Stage II samplmg, surface water was no longer 
present at Study Area 21, so the sedhnent samples from this area were coUected from the dry ditch. 
Potential effects of the use of "dried" sedunent during Stage II versus mundated sedunent during 
Stage I is discussed m Section 7. 

During the Phase 1 mvestigation, surface water samples for the Stage 1 studies were 
collected from ALAAP Study Areas 21 and 26, as well as a reference location from June 19 
through 23, 1995 (see Figure 3-5). The surface water toxicity tests were conducted usmg two 
different test organisms accordmg to EPA methods. Both methods are considered short-term tests 
to estunate chronic toxicity (EPA I991d). Method 1002.0 uses Ceriodaphnia dubia m a three-
brood, static test with daUy renewal that measures survival and reproduction as the test endpoints. 
A confrol test for the Ceriodaphnia is obtamed when: (1) at least 60 percent of survivmg females in 
the confrols produce three broods, and (2) there is >80 percent survival and an average of 
>15 young per survivmg female m tiie confrols. Stage II studies were not required because toxicity 
was not observed during Stage I. 

The results of the media toxicity tests were used hi the development of ecoRGOs foUowing 
the Phase 1 mvestigation (SAIC 1996c). Because the ecoCOCs and the maxunum concentrations of 
ecoCOCs were not available when the bioassays were conducted (during the Phase 1 mvestigation), 
it -was determined that additional refinement of the ecoRGOs would be beneficial. During the 
Phase 2 investigation, additional media toxicity tests were conducted using media that contained the 
maxunum concenti:^tions of ecoCOCs or the greatest number of ecoCOCs at concenfrations near 
the maxunum. The tests were conducted for the media-specific ecoCOCs identified following the 
Phase 1 mvestigation. Only Stage 1 testmg was performed. Soil, sedunent, and surface water 
media toxicity tests were conducted by Toxicon Envfronmental Sciences of Jupiter, Florida, ushig 
the same standardized, approved methods as described previously. 

Seven soU toxicity tests were conducted during the Phase 2 mvestigation (June 1996) at the 
followhig locations: SS-04-0000, SS-03-0020, SS-19-6090, SS-16-7030, and SS-22-003. One 
dupUcate was coUected at location SS-04-0000 and a reference sample was coUected at location 
BS-BK-001. The locations where soU media were coUected for the toxicity tests are shown hi 
Figure 3-7. 
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SoU samples were coUected on June 4, 1996 from these locations, sent to the analytical 
laboratory (QST, formerly ESE), and analyzed for alumuium and lead concentrations. These 
analyses were conducted prior to performmg the media toxicity tests to ensure that the media 
contamed concenfrations of ecoCOCs for soil (e.g., aluminum and lead) that were greater than the 
ecoRGOs. Once the concentrations of ecoCOCs for soils (e.g., alummum and lead) were 
confirmed, a sufficient volume of soil was coUected from the locations to conduct the soU toxicity 
tests. 

SoU samples were coUected on June 26, 1996 and two types of soU toxicity tests were 
performed; these included earthworm toxicity tests and 120-hour seed germmation tests. Both tests 
were conducted as described for the Phase 1 toxicity tests. 

During the Phase 2 investigation, five sedunent toxicity tests were conducted at the 
followmg locations: SD-21-170B, SD-26-710C, SD-27-030C, a duplicate at SD-21-170B, and a 
reference location SD-FC-002. The locations where sedunent media were coUected for the toxicity 
tests conducted during the Phase 2 investigation are shown m Figure 3-7. 

Sedunent samples were coUected on June 5, 1996 and analyzed for aluininum, arsenic, iron, 
lead, and mercury. These metals were the ecoCOCs identified m sediments as a result of the 
Phase 1 mvestigations (SAIC 1996c). 

After the concentrations of ecoCOCs were confirmed, a sufficient volume of sediment was 
coUected for the toxicity tests on June 27, 1996. The toxicity test was conducted usmg a 10-day 
exposure that measures survival ofthe amphipod, Hyalella azteca. 

Five surface water toxicity tests were conducted durmg the Phase 2 investigation at the 
foUowmg locations: SW-21-004, SW-SP-012, SW-27.037, a dupUcate at SW-SP-012, and a 
reference location BK-BW-002. The locations where the surface water media were coUected for the 
toxicity tests are shown m Figure 3-7. 

Surface water samples were coUected on June 4, 1996 and analyzed for barium, fron, and 
manganese. These metals were the ecoCOCs identified m surface water during the Phase 1 
mvestigations (SAIC 1996c). 

The concentrations of ecoCOCs were confinned at each selected location and a sufficient 
volume of surface water was collected for the toxicity tests on June 26, 1996. The toxicity test 
performed for surface water used Ceriodaphnia dubia m a three-brood, static envfronment wdth 
daily renewals of surface water. 

3.8 INVESTIGATION-DERIVED WASTE 

Waste generated during field work at ALAAP mcluded sanitary waste, driU cuttings from 
soU borings and monitoring wells, water from well development and purgmg activities. 
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decontamination wastes, and wastes derived from the field screening laboratory. The management 
of these wastes generaUy followed procedures described m Section 5.4 of the SAP/Work Plan 
(SAIC 1995a). The foUowmg sections sunimarize the wastes produced and the methods used for 
thefr management and disposal. 

3.8.1 Sanitary Wastes 

Sanitary wastes included items such as used plastic, foil, personal protective equipment 
(PPE), shipping contahiers (cardboard boxes), and paper towels. As dfrected by the faciUty 
coordinator, sanitary wastes were collected m plastic trash bags and mitially disposed of at the 
ALAAP dump near Study Area 3. On April 26,1995, SAIC was hiformed that the dump no longer 
could be used for disposal because of remedial activities bemg conducted m that area by Roy F. 
Weston, Inc. As a result, SAIC contracted Waste Management, Inc. to provide trash hauUng and 
disposal services. After April 26, 1995, aU sanitary wastes were placed in the dumpster and 
disposed of by Waste Management, Inc. via an onsite dumpster. 

3.8.2 DriU Cuttings 

Drill cuttings were generated from soU bormgs completed for subsurface soil sampUng 
(i.e., soU borings) and monitoring well mstaUation (i.e., weU borings). At each boring location, driU 
cuttings were placed on and covered with plastic sheetmg pendrng the outcome:of analytical results. 
Cuttmgs at soil boring locations were characterized based on analytical data from the associated soU 
samples. Because samples were not collected during monitoring well drUUng and mstaUation, 
samples fi'om drill cuttmgs were collected from each monitoring weU location and composited with 
samples coUected at monitoring well locations within thefr respective study areas. Samples were 
collected m this manner to characterize soU at weU locations within each study area. Composite 
samples from each study area were submitted for TCLP extraction and analysis to evaluate whether 
soU cuttings at weU locations should be disposed of as hazardous or nonhazardous waste. 

SoU samples were collected and composited at 11 study areas during the Phase 1 activities. 
One composite sample was submitted from each study area for TCLP analysis. SoU samples were 
analyzed for TCLP VOCs, TCLP SVOCs, TCLP metals, TCLP pesticides, and TCLP herbicides, 
and were analyzed in accordance with EPA SW 846 TCLP procedures. Analytical results indicated 
that composite samples from each study area did not exhibit toxicity characteristics. SoU pUes at 
well and soU boring locations were considered nonhazardous based on TCLP results, analytical data 
from soU borings, and previous generator knowledge. 

During Phases 2 and 3 ofthe Supplemental RI, soil cuttmgs generated from soU boring and 
monitoring weU driUing were spread over the ground at the study area based on generator 
knowledge of soUs. Generator knowledge included Phase 1 analytical results and analytical 
(Phases 2 and 3) and field screenhig (Phase 2) results from coUected soU samples. 
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3.8.3 Development/Purge Water 

Groundwater from development and purging activities during Phases 1 and 2 was 
contamerized. m U.S. Department of.Transportation (DOT)-approved, 55-gallon drums. 
PeriodicaUy, during the field mvestigation, drummed groundwater was pumped mto 1,050-gallon 
polyetiiylene tanks and transferred to a pemiitted onsite freatinent facility (TIS-20) managed by Roy 
F. Weston. AU development and purge water generated during the Phase 1 and Phase 2 
mvestigations was disposed of m this manner. 

The development and purge water coUected during the Phase 3 mvestigation was 
contamerized m U.S. DOT-approved drums. Analytical results from groundwater collected from 
the monitoring wells sampled were reviewed and compared to RGOs developed by SAIC for 
human exposure under a residential land use scenario (SAIC 1996c). Groundwater tiiat contamed 
concentrations of constituents less than the RGOs was surface discharged. Groundwater that 
contamed concentrations that exceeded tiie RGOs was ti-ansferred to 1,050-gallon polyethylene 
tanks, fransported to tiie onsite treatment facihty (TIS-20) managed by Roy F. Weston, and freated 
by carbon filtration. This freatment took place from October 6 through 8,1997. 

3.8.4 Deconterhination Wastes 

Samplmg anddriUmg equipment decontammation processes and weU development and 
samplmg resulted m the generation of liquid and soUd wastes. The liquids and soUds were 
segregated and temporarily stored onsite m DOT-approved, 55-gallon drums. At the end of the 
investigation, the decontamination well development and sample Uquids were pumped into 
1,050-gallon polyethylene tanks and transferred to the permitted onsite freatment facUity (TIS-20) 
managed by Roy F. Weston. 

One composite sample was collected from drums staged at the decontammation area. 
Contents of the drums at the decontamination pad consisted of soil from study areas mixed with 
water and LlQUl-NOX® generated from decontaminatmg field equipment. Composite samples 
were sent to a contracted laboratory for TCLP analysis. SoU samples were analyzed for TCLP 
VOCs, TCLP SVOCs, TCLP metals, TCLP pesticides, and TCLP herbicides, and were analyzed m 
accordance with EPA SW 846 TCLP procedures. Analytical results mdicated that composite 
samples from decontamination did not exhibit characteristics of toxicity. Soils drummed from 
decontamination procedures were considered nonhazardous due to the results above and previous 
generator knowledge. SAIC contracted Laidlaw Envfromnental Services of Greenbriar, Teimessee, 
to transport nonhazardous waste to an offsite permitted landfiU. 

3.8.5 Acetone Wastes and Acetone Contaminated SoU 

Field laboratory procedures resulted m the generation of limited quantities of RCRA 
hazardous waste tiiat mcluded (liquid) acetone waste and acetone contammated soU. During the 
Phase 1 and Phase 2 field mvestigations, these wastes were segregated and contamed m Uned, 
DOT-approved, 55-gallon drums. Drums were staged onsite within a posted, bermed, and plastic 
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lined exclusion area. A total of approxunately 30 gallons of waste Uquid acetone and 40 gallons of 
acetone contammated soU were generated during the field mvestigation activities. SAIC contracted 
Laidlaw Envfronmental Services of Greenbriar, Tennessee to package, manifest, transport, and 
arrange for freatment and/or ulthnate disposal of the wastes at an offsite permitted faciUty m 
accordance witii all appUcable DOT and RCRA requfrements. Shippmg manifests for the wastes 
were signed by an authorized agent ofthe U.S. Army. No RCRA hazardous wastes were generated 
during the Phase 3 investigation. 

3.8.6 Unused Sample SoU and Sediment 

SoU and sedhnent sample portions that were not used hi field screening or sent to the 
analytical laboratory were stored onsite in DOT-approved, 55-gaUon drums. Two 55-gallon drums 
of unused soil/sedhnent were collected during Phases 1 and 2 of the field investigation. To 
characterize these soUs, one sample was composited along the entire depth of each drum and 
analyzed for TCLP characteristics. 

One composite sample was coUected from each drum and sent to a contracted laboratory for 
TCLP analysis. Soil samples were analyzed for TCLP VOCs, TCLP SVOCs, TCLP metals, TCLP 
pesticides, and TCLP herbicides, and analyzed in accordance witii EPA SW 846 TCLP procedures. 
Analytical results mdicated that composite samples from each drum did not exhibit characteristics 
of toxicity. Unused soils were considered nonhazardous due to the results above and previous 
generator knowledge and spread on the groimd onsite. 

3.9 BACKGROUND SAMPLING 

Background samples for surface (0 to 1 foot BLS) and subsurface (1 to 10 feet BLS) soU, 
sediment, surface water, groundwater, and biota were collected to establish a baseline for the 
determmation of site-related contamination and risk assessment. 

Background soil boring locations were located m the east^southeast comer of Area B. 
Background soil boring locations were selected in a location upgradient and isolated from past plant 
activities. SoU samples were coUected for a fiUl suite of contammants. Additional soil background 
data were obtained fixim a study conducted for Area A (ESE 1995) m which 20 surface soil 
locations were sampled east of Area A. 

Background groundwater samples were coUected to establish a baseline for comparing 
envfronmental samples coUected m Area B and assess background concentrations of metals. 
Groundwater from tiie newly mstalled (GW-BK-001 and GW-BK-02BR) and existing (P-84 and 
D-20) backgroimd wells was sampled for explosives and thefr byproducts, VOCs, SVOCs, metals, 
TOC, and pesticides/PCBs. Hexavalent chromium was analyzed only hi thie shaUow weU 
(GW-BK-001). 

Background surface water, sedunent, and aquatic organism samples were obtamed from 
creeks surrounding ALAAP, mcludmg Fannmg and TaUadega Creeks. 
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4. RESULTS OF FIELD INVESTflGATIONS 

This section provides the results ofthe field mvestigations and analysis of samples collected 
by Science Applications hitemational. Corporation (SAlC) duruig tiie Supplemental Remedial 
hivestigation (RI) at the Alabama Army Ammunition Plant (ALAAP). The field investigations 
conducted at Area B of ALAAP mcluded site-specific geologic and hydrogeologic measurements 
and observations and quantitative and semi-quantitative samplmg and analysis of surface soU, 
subsurface soil, surface water, groundwater, sedunent, and biological tissue. The results of these 
mvestigations are provided: in the fpllovvmg sections.^ The spatial distribution of representative 
chemical constituents with respect to the known site areas was assessed to identify potential source 
areas for detected compounds. 

4.1 SITE GEOLOGY AND HYDROGEOLOGY 

Geologic and hydrogeologic conditions underlymg ALAAP have been mvestigated by soil 
sampling, rock coring, groundwater and surface water elevation measurement, and aquifer (slug) 
testing. Previous hydrogeologic mvestigations conducted by Envfronmental Science and 
Engmeering (ESE) between 1981 and 1994 provided tiie basis for tiie additional work completed 
under the present mvestigation. The previous site characterizations were-supplemented by an 
additional 61 monitoring wells and 77 soil borings during the present study; Drillmg records and 
weU construction diagrams for the wells and borings mstalled during the Supplemental RI are 
provided m Appendices D and E. Ground surface and top of casing elevation measurements were 
obtained at existmg and new monitoring well locations (see Table 4-i). 

4.1.1 Topographic Mapping Results 

The surface topography m.Area B was mapped usmg aerial photography taken over 
ALAAP m February 1995 (see Figure 4-1) by Afr Survey Corporation bf Sterlmg, Vfrgmia. Image 
rectification and photogrammetric measurements from the photography also were made by-Afr 
Survey Corporation. Spot elevations measured from the photography ranged from 402.5 to 
559.4 feet above mean sea level (msl) witii an average elevation of 433.3 feet above msl. The 
topography is broadly undulatuig across the majority of Area B and mcreases to 440 feet above msl 
along tiie eastem boundary hi the vicuiity of the Tetiyl Manufactiuing Area (Sttidy Area 10), 
Propellant Shipping Area (Study Area 17), and Blendmg Tower Area (Study Area 18). The highest 
elevations (499.8 to 553 feet above msl) occur m tiie vicmity ofthe Flashmg Ground (Study Area 
16) and Lead FaciUty (Study Area 19), and tiie highest elevation (559.4 feet above msl) occurs 
northeast of Study Area 16. The surface topography is mterrupted by man-made dramage trenches 
and naturaUy developed erosional valleys, particularly hi the eastem and southeastem portions of 
Area B. A well-developed smkhole feature measuring approxunately 225 feet m diameter occurs 
unmediately to the west of Study Areai 16. , 
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Table 4-1. IVionitoring WeU Survey Data - Alabama Army Animunition Plant 
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Results of Field Investigations 
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Results of Field Investigations 

4.1.2 Site Geology 

Bedrock at̂  ALAAP consists of Cambro-Ordovician Knox Group limestone, dolomitic 
limestone, and dolomite.; The unweathered bedrock lithology consists primarily of massive,'gray to 
tan, microcrystalline, calcareous dolomite and dolomitic limestone. High angle joints and fractures 
were observed in core samples, with some intensely fractured core intervals that prohibited the 
accurate calculation of core, recovery for those intervals. Calcite-filled veining'was pervasive in 
almost all of the rock core samples. Subsurface conditions (water loss, excessive sand pack 
requirements, and voids) observed during drilling and descriptions of soil and rock core samples 
indicate that ALAAP is underlain by variably weathered carbonate bedrock that is susceptible to the 
development of secondary porosity features. Competent bedrock at the facility is overlain by silty 
and clayey residuum derived from the subsurface weathering of the carbonate rock. The effects of 
weathering and surface erosion have resulted in varying degrees and thicknesses of residuum 
formation ranging from massive and structureless silt and clay soil, to soil with preserved residual 
rock structure (e.g., joints, fractures, bedding), to transitional horizons of altemating soil and rock 
intervals (e.g., ledges). Transitional weathering was observed predominantly in the eastem portions 
of Area B. Alluvial and paludal soils associated with existing surface water .drainages, ponds, 
basins, and marshes on ALAAP consist predominantly of clayey or sandy silt that is localized in 
extent. 

Residuum derived from' the weathering of the carbonate bedrock by infiltrating precipitation 
and groundwater movement comprises the subsurface interval between the ground surface and the 
top of competent carbonate bedrock.- The residuum ranges in thickness from approximately 5 to 
121 feet and consists of relatively homogeneous brown, red, or tan clay with trace proportions of 
sand, silt, and weathered rock fiagments. Discrete intervals of sand, silt, silty sand, or silty gravel 
were encountered in the residuum,.but generally were limited in thickness and lateral extent. Relict 
rock stmctures resulting from incomplete weathering ofthe carbonate rock and including joints, 
fiBctures, bedding features, voids, and insoluble fragments^ (chert) were variably observed within 
the residuum. Resistant chert ledges-or boulders may have caused shallow auger refusals in some 
instances. ̂ Secondary relict rock stmctures preserved as color or textural differences were observed 
predominantly in the zone of weatihered rock overlying the competent bedrock. The geotechnical 
and geochemical properties of representative soil samples collected fixjm the residuum horizons are 
provided in Table 4-2. Laboratory data for the geotechnical analyses are provided, in Appendix F. 
These data confirm that the site soils are predominantly fine-grained and mdicate that the soils are 
acidic (pH ranging from 3.4 to 7.1 units) with typical cation exchange capacity (CEC) ranging from 
5.1 to 20.3 milliequivalents per 100 grams of soil .' 

Subsurface voids have been encountered at depths between 28 and 169.5 feet below land 
surface (BLS), and in several instances (locations P-62, P-64, P-67, D-5,.D-12, and.D-15), voids 
were encountered at or near, the residuum/bedrock interface. Substantial voids requiring excessive 
sand pack.(15,000 pounds at well P-62) or causing the loss of downhole equipment or circulation 
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Results of Field Investigations 

Table 4-2. Geotechnica] Data Summary 
Alabama Army Ammunition Plant, Childenbarg, Alabama w 

Site IJ>. 
GW^2-002 

GW-03-002 

GW-03-004 

GW-04-004 

GW.06-001 

GW-06-002 

GW-08-001 

GW-10-001 

GW-10-006 

GW-17-002 

GW-17-004 

GW-17-006 

GW.18-001 

GW-18-002 

GW-20-002 

SB-02-001 

SB-03-005 

SB-04-010 

SB-06-011 

. .Description 
Brown silty sand with gravel 
Brown clayey sand with gravel 
Red brown clayey sand with gravel 
Brown sandy lean clay 
Brown clayey gravel with sand 
Brown clayey sand with gravel 
Darlc brown lean clay with sand 
Red brown lean clay with sand 
Tan brown fat clay with sand 
Dark brown clayey gravel 
Tan brown clayey gravel 
Brown lean clay with sand 
Brown sandy lean clay 
Gray and reddish brown fat clay 
Tan brown lean clay with sand 
Light brown sandy lean clay 
Red brown lean clay with sand 
Tan brown sandy elastic silt 
Brown fat clay with sand 
Tan brown and brown sandy lean clay 
Gray lean clay with sand 
Gray brown lean clay with sand 
Red brown sandy lean clay 
Red brown elastic sily 
Reddish brown elastic silt 
Tan brown sandy lean clay 
Brown fat clay with sand 
Brown sih with sand 
D. Gray brown sndy lean clay w/gravel 
Brown sandy silt with gravel 
Brown lean clay with sand 
Dark brown sandy lean clay 
Brown clayey sand 
Tan brown lean clay with sand 
Light brown lean clay with sand 
Light brown fat clay 
Light puiplish grey sandy lean clay 
Light brown sandy lean clay 
Dark brown lean clay with sand 
Brown lean clay with sand 
Red brown lean clay with sand 
Tan brown lean clay with sand 
Tan brown lean clay with sand 
Red brown lean clay with sand 
Red brown lean clay with sand 
Red brown lean clay with sand 
Brown clayey sand with gravel 
Tan brown lean clay with sand 
Tan brown sandy lean clay 
Tan brown lean clay with sand 
Dark brown sandy silt 
Gray-brown lean clay with sand 

«* 
•« 

Red-brown silt with sand 
«* 

Brown lean clay with sand 
** 

Brown fat clay 
•* 
«* 

uses 
SM 
SC 
SC 
CL 
GC 
SC 
CL 
CL 
CH 
GC 
GC 
CL 
CL 
CH 
CL 
CL 
CL 
MH 
CH 
CL 
CL 
CL 
CL 
MH 
MH 
CL 
CH 
ML 
CL 
ML 
CL 
CL 
SC 
CL 
CL 
CH 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
SC 
CL 
CL 
CL 
ML 
CL 
*• 
«• 
ML 
•* 
CL 
•* 
CH 
** 
«• 

Depth 
(feet). 
0-2 

14-16 
29-31 
34-36 
39^1 
44-46 

0-2 
4-6 

29-31 
0-2 

.9-11 
34-36 
0-2 
4-6 

14-16 
24-26 
0-2 

14-16 
19-21 
0-2 
4-6 
9-11 
0-2 
9-11 
19-21 
24-26 
29-31 
34-36 
0-2 

19-21 
0-2 
9-11 
19-21 
24-26 
0-2 

24-26 
0-2 

19-21 
0-2 

14-16 
4-6 

14-16 
44-46 
4-6 

14-16 
24-26 
0-2 
4-6 
9-11 
14-16 
19-21-
1-3 
5-7 

20-22 
1-3 

25-27 
1-3 

20-22 
1-3 

15-17 
25-27 

Sand 
53.1 

' 3 2 . 9 
35.4 
35.2 
26.9 
31.3 
16.0 
20.5 
19.2 
20.7 
16.8 
17.1 
15.8 

- 10.5 
20.4 
23.4 
25.4 
25.2 
27.8 
41.3 
20.0 
21.5 . 
16.6 
4.0 
9.7 
21-9 
16.9 
25.8 
32.4 
24.8 
23.2 
37.6 
33.7-
35.6 
28.3 
15.9 
33.9 
29.2 
22.6 
24.8 
19.6 
21.8 
20.3 • 
30.5 
223 
36.8 
30.5 
24.1 
25-6 
17.9 
36.4 
20.6 
•• 
•• 

13.4 
•* 

19.2 
•* 

11.1 
•* 
** 

' • % 

Silt 
21.1 
23.0 
14.4 
18.2 , 
18.4 
18.8 
31.1 

• 33.7 
23.8 
31.4 
14.4 
30.0 
47.5 
39.9 
23.5 
26.2 
41.5 
25.0 
19.2 
28.5 
37.5 
36.2 
43.2 
17.4 
28.2 
25.2 
24.9 
30.0 
38.4 
24.1-
32.2 
28.9 
17J 
15J 
45.1 
24.3 
35.4 
18.7 
22.2 
26.7 
26.8 
29.1 
33.9 
34.4 
34.9 
34.1 
32.2 
48.6 
32.6 
27.7 
37.3 
43.6 
•* 
•* ' 

29.0 
*• 

37J 
•• 

24.9 
** 
*• 

% 
Clay 
8.2 
19.7 
16.3 
33.3 
24.7 
28.6 
26.4 
45.8 
53.3 
17.9 
33.2 
44.8 
36.2 
49.1 
54.3 
42.4 
33.1 
42.4 
52.9 
29.7 
36.7 
39.1 
40.2 
78.6 
60.9 
52.9 
58.2 
44-2 
22.4 
35.7 
41.1 
29.8 
31.9 
49.1 
26.6 
59J 
30.2 
43.1 
55.2 
43.4 
50.6 
47.1 
43.2 
34.3 
37.9 
26.2 
13.8 
25.1 
33.3 
51.3 
18.9 
28.7 
*• 
«* 

53.6 
*• 

35.6 
•• 

63.7 
• • 

*« 

• : % 

' Gravel 
17.6 
24.4 
33.9 
13.3 
30.0 
21.3 
26.5 
0.0 
3.7 
30.0 
35.6 
8.1 
0.5 
0.5 
1.8 
8.0 
0:0 

' 7.4 
0.1 
0.5 
5.8 
3-2 . 
0.0 
0.0 
1.2 
0.0 
0.0 
0.0 
6.8 
15.4 
3.5 
3.7 
17.1 
0.0 
0.0 
0.5 
0.5 
9.0 
0.0 
5.1 
3.0 
2.0 
2.6 
0.8 
4.9 
2.9 
23.5 
2.2 
8.5 
3.1 

•7.4 
7.1 
•• 
** 
40 
•« 
7.7 
*« 
0.3 
«• 
** 

pH* 

' 

6.22 
6.26 
5.25 
5.70 
4.75 
5.40 
4.10 
4.70 
3.52 
3.82 

Cation^ 
Exchange 

14.32 
8.80 
12.88 
18.64 
6.48 
14.88 
11.52 
17.96 
18.08 
9.64 

V 

^ 
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Results of Field Investigations 

Table 4-2. Geotechnical Data Summary 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued). 

: SHeLD. 
SB-07-020 

SB-08-023 
SB-08-025 

SB-10-030 
SB-10-045 

SB-16-063 

SB-18-037 
SB-18-037 

SB-18-038 
SB-19-041 

SB-20-044 

S&:22-049 -• 

SB-25-050 

SB-BK-054 
SB-BK-054 
SB-BK-054 
SS-B6-009 
SS-17-0750 

SD-05-0000 

SD-09-1040 

SD-21-310 

SD-26-270 

SD-27-100 

Description 
Brown fat clay with sand 

•* . . 
*« 
** 

Red-brown elastic silt 
•* 

Tan-biown lean clay with sand 
' . . • • • 

** 
Light brown fiat clay with gravel ' 

•*. 
** 
•* 
* • . 

Brown lean clay with sand 
Brown sandy lean clay -

«* . 
** ' 

Red-biown lean clay with sand 
*• 
• • • -

Brown sandy lean clay. 
** 

Tan-brown sandy lean clay 
** 

Tan-brown clayey sand with gravel 
* • 

** 
Brown clayey gravel 
Brown sandy lean clay 

Brown silty sand ' 

Brown lean clay ' 

Gray-brown lean clay ' 

Brown sandy lean clay ° 

[ 'USCS • 
CL 
. • • 

** 
*• 

MH 
** 
CL 
.*• 
•• 
CH 
.*« 
** 

• . • • 

** 
CL 
CL 
*« 
** 
CL 
** 

' «* 
CL 
** 
CL 
** 
SC 
*• 
** 
GC 
CL 

ML 

SM 

CL 

CL 

CL 

Depth 
(ftet) 
1-3 

10-12 
20-22 
20-22 

1-3 
20-22 

1-3 
10-12 
15-17 
1-3 
4-6 
7-9 

10-12 
15-17 

1-3 
1-3 

15-17 
25-27 

1-3 
10-12 
20-22 

1-3 
10-12 

1-3 
5-7 
1-3 

15-17 
25-27 
0-2 

0-1.5 

0 

0 

0 

0 • 

0 

.. ' Vo . 
iSand^ 
26.6 
. ••• 

** 
• • 
6.6 

. ** 
14.4 
• • 

*• 
11.7 

** 
•* 
• * 

** 
16.9 
32.9 

«*. 
** 

2L0 

•• 
«* 

41.9 
** 

33.3 

.** 
33.2 

** 
** 

29.1 
33.7 

19.4 

57.9 

20.1 

17.2 

30.5 

. : % . 
•SUt :• 

43.0 
** 
** 
• * 

14.1 

• * 
48.9 

«* 
*• 

25.2 
•* 
• * 

** 
• • 

41.8 
33.3 
• * 
• * 

: 29.8 

** 
' ** 
32.6: 
•« 

- 38.7 

** 
19.6 
• * 
** 

21.8 
34.3 

47.9 

17.1 

36.2 

41.2 

34.4 

. . - • . % . • ; 

/̂:-Ciay:-
29.6 
«* 
** 
** 

79.3 
• « 

36.1 
** 
• • 

48.7 
** 
** 
** 
«* 

40.7 
30.7 
•* 
** 

47.5 . 
•• 
•* 

21.3 
*• 

26.0 
** 

25.6 
*• 
** 

10.7 
28.6 

26.8 

0.9 

30.1 

41.6 

31.3 

Gravel 
0.8 
** 
** 
** 
0.0 
*« 
0.6 
** 
** 

14.4 
** 
** 

' • • 

** 
0.6 
3.1 
»» 
** 

. 1.7 

** 
** 
4.2 
»• 
2.0 
** 

21-6 
•» 
** 

38.4 
3.4 

5.9 

24.1 

13.6 

0.0 

3.8 

pH-
4.25 
3.81 
4.15 
4.65 
4.08 
.4.22 
4.90 
4.85 
4.11 
5.42 
4.75 
6.00 

•5.25 
4.09 

5.00 
4.05 
5.15 
5.88 
4.25 
5.10 
5.15 
4.98 
5.90 
4.15 
4.88 
7.05 

'6.40 
5.38 

4.77 

Cation' 
Exchange 

19.64 
13.60 
10.52 •-
20.32 
9.28 
17.68 
5.12 
16.76 
7.32 
13.52 
6.96 
8.52 
10.76 
8.24 

8.52 
8.36 
11.12 
8.96 
9.24 
12.08 
13.08 
9.36 
12.28 
5.52 
8.68 
9.32 
7.64 
6.08 

7.72 

GW •= soil sample from monitoring well, SB •=> soil sample fiom soil boring. SD ° setHment sample, SS ° surface soil sample 
Unified Soil Classification System (USCS):: 

SM " silty - sands, sand - clay mixtures ,-
SC = clayey sands, sand • clay mixtures 
CL = inoiganic clays of low to medium plasticity, gravely clays, sandy clays, silty clays, lean clays 
CC = clayey gravels, griavel • sand - clay mixtures 
CH'° inorganic clays of of high plasticity, fat clays 
MH ° inorganic silts, micaceous or diatomaceous fine sand or silty soils -
ML ° inorganic silts or very fine sands, rock flour, silty or clayey fine sands or clayey silts with slight plasticity 

* pH electrometric > . • 

'' units equal mg. eq /100 g. ' 

' Aniline Sludge Basin 

" Red Water Basin 

° Beaver Pond Drainage 

' Crossover Ditch " 

* Redwater Ditch - . • 
** description and analysis not performed 
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Results of Field Investigations 

historically have been encountered beneath Area B (ESE 1986). Subsurface cavities range from 
open voids to voids containing varying proportions of silt, clay, or rock debris. The subsurface 
voids that were encountered ranged from less than 1 foot to 40 feet in vertical extent. 

The disfribution of residuum and bedrock across Area B is shown in cross sections A-A' 
and B-B' in Figures 4-2 and 4-3. The location ofthe cross sections are shown on Sheet 3-5. The 
contact between the residuum and the underlying bedrock is gradational, such that weathering along 
the interface has resulted in either an abmpt soil/rock contact, a weathered rock soil profile with 
distinct rock characteristics, or a transitional contact consisting of altemating rock ledges and soil 
horizons. The suiface of competent bedrock has been encountered between elevation 340 and 466 
feet above msl across the facility. A configuration for the bedrock surface (Figure 4-4) based on 
kriging (neighborhood averaging) of well data encountering bedrock indicates that the bedrock 
surface slopes broadly from east to west toward the Coosa River. The kriged representation ofthe 
bedrock surface is constrained by the available deep well spacing and the irregular weathering of 
the karst bedrock. Deep soil borings that did not encounter bedrock also were used to refine the 
mapped surface. The large number of encountered voids in the residuum and bedrock intervals and 
the large variations in the depth to bedrock over short horizontal distances supports the 
interpretation of active karst development at the site. Interconnected zones of deeper weathering 
and other more localized areas of weathering are indicative of fracture concentrations that allowed 
more active bedrock decomposition by groundwater. Additional details regarding the subsurface 
geology will be provided in conjunction with the ongoing groundwater investigation. 

4.1.3 Site Hydrogeology 
1 

Groundwater elevation in wells on ALAAP ranged from 348 to 475 feet above msl between 
September 1994 and January 1997. The highest groimdwater elevation in Area B (elevation 475.01 
feet above msl) occurred at well P-28 in an area of elevated topographic relief; however, the 
groundwater elevation at P-28 was routinely only slightly above the screen bottom elevation and 
may not provide a tme groundwater elevation. Based on well constmction concems, the U.S. 
Army Corps ofEngineers (USACE) (Whitten 1996) has observed that older, shallow vvells (P-1 to 
P-48) installed at ALAAP during earlier investigation efforts may act as sumps and are indicative of 
intermediate, transient groundwater drainage associated with precipitation events. The next highest 
groundwater elevation (465.74 feet above msl) was observed at GW-17-005. The groundwater 
elevation in wells nearer to the Coosa River is approximately 398 to 400 feet above msl in 
elevation. The depth to groundwater BLS between September 1994 and January 1997 ranged from 
0.65 to 117.97 feet with an average depth of 24.9 feet BLS. 

Groundwater movement beneath Area B is predominantly to the northwest flowing toward 
the Coosa River (Figures 4-5 to 4-8). Groundwater discharges to local surface water drainages on 
Area B in the vicinity of the Beaver Ponds and Crossover Ditch, which eventually drain to the 
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Results of Field Investigations 

Coosa River. The aquifer underlying the site area consists of generally massive, clayey residuum 
overlying competent but fractured and dissolutioned carbonate bedrock. Groundwater movement 
through the soil residuum is predominantly through a macropore network consisting of relict joints, 
fi'actures, voids, and relict boulder zones and ledges resulting from differential weathering ofthe 
bedrock. Areas of deep weathering indicated by thicker residuum horizons may reflect preferred 
zones of groundwater movement associated with increased macropore (e.g., joints, fractures, voids) 
distribution. The coiifiguration of the groundwater surface is a subdued reflection of the surface 
topography, indicating that the topographic expression provides an indication of local groundwater 
flow direction. Groundwater movement in the eastem portions of Area B is complicated by the 
more variable surface topography; the presence of surficial, large-scale solution features 
(sinkholes); and potential transient shallow aquifer drainage (Whitten 1996) in these areas. Based 
on the available monitoring data, a groundwater divide may extend across the southem portion of 
Study Area 17 and extend northeast into Area A and southwest onto the Alliance Forest Products, 
Inc. (Alliance) (formerly Kimberly-Clark Corporation) property. The precise extent of a 
groundwater divide through Area A and the Alliance property cannot be established because of the 
wide spacing of wells in these areas. 

The residuum (soil) to bedrock boundary often is saturated in karst environments and 
provides an avenue for groimdwater movement along the interface. Above the groundwater table, 
infiltrating precipitation encoimters the hydraulic conductivity contrast occurring along the interface 
and flows laterally under the influence of gravity along the top of the bedrock until it reaches the 
water table. Lesser quantities of groundwater enter directly into the bedrock through joints and 
fractures. _ 

Groundwater underlying Area B varies from acidic (pH = 4.06) to basic (pH = 12.36) with 
an average pH of 6.8 for all collected samples. The range of pH values determined for the ALAAP 
wells exceeds the observed range for pH (4.8 to 8.2 pH) in natural groundwater in Talladega 
County (Moser 1988). HigheripH values (10.58 to 12.36 pH) observed in three newly constructed 
bedrock monitoring wells (GW-17-01 OBR, GW-21-002BR, and GW-BK-02BR) exceeded the 
natural pH range and are possibly impacted by grout infiltration. Groundwater from wells screened 
in the residuum horizons was acidic (pH = 6.4) with specific conductance averaging 
232 microSiemens/cm (^S/cm). Grouiidwater from wells screened in competent carbonate bedrock 
was basic (average pH = 7.8) with an average specific conductance of 357 ^S/cm. The measured 
specific conductance of groimdwater underlying Area B ranged from 1.1 to 1,517 fiS/cm.. The 
lower values may reflect erroneous field measurement. The average pH for wells at A L A A P 

(6.8 pH units) is lower than the average pH value (7.5 pH units) calculated for Knox Group wells in 
Talladega County. This difference, however, is not particularly significant because production 
wells in Talladega County typically are not installed in the poorer-producing residuum hoiizons. 
The measured pH in the grpundwater underlying Area B is predominantly acidic, varying spatially 
across the site area with lower pH areas approximately correlating wdth zones of deeper bedrock 
weathering and increased specific conductance. 
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Results of Field Investigations 

Recharge to the groundwater table is through infiltratmg precipitation. The response ofthe 
automatic data recorders to precipitation events occurring between July 1995 and May 1997 is 
shown in Figure 4-9. Records from automatic groimdwater level recorders installed across Area B 
indicate that the subsurface response of groundwater elevation to precipitation events is 
synchronous across the site. This pattem suggests that the macropore system within the residuum is 
well-developed or that near-surface sinkhole development across the site is more widely distributed. 
The rapid throughflow of precipitation across Area B suggests that the entire site area may act as a 
recharge area for the aquifer. The recorder data show that the residuum and bedrock wells respond 
similarly to precipitation events, indicating that the two horizons are hydraulically intercormected. 

Areas of the ALAAP facility contain surface marshes resuhing from impeded surface water 
drainage (Beaver Ponds) or transient, shallow groundwater discharge. Shallow groundwater 
elevation (409.07 to 416.97 feet above msl at well P-41) in the vicinity of the east Beaver Pond 
occasionally exceeds mapped surface. elevations (412 to 413 feet above msl) in the pond area. 
Similarly, shallow groundwater elevations in the vicinity of west Beaver Pond (403.61 to 
413.93 feet above msl in wells P-11, P-39, P-50, and P-51) and in the swampy area leading from 
the Beaver Pond to the Coosa River (394.4 to 410.46 feet above msl in wells P-52, P-53, and P-61) 
occasionally exceed ground surface elevations in the west Beaver Pond (ground elevation 
approximately 409 feet above msl) and in the swampy discharge area (402.5 feet above msl). These 
areas also are impacted by impeded surface water flow as a result of beaver dams. The 
topographically low (elevation 420 to 421 feet above msl) site area between the Southem TNT 
Manufacturing Area (Study Area 6) and Study Areas 18 and 20 contains localized marshy areas as a 
result of potentially ponded surface runoff and occasionally elevated groundwater levels (410.01 to 
422.16 feet above msl in GW-18-002 and GW-18-003). 

Well clusters consisting of paired deep (bedrock) and shallow (residuum) wells are located 
across Area B (Table 4-3). The calculated average vertical hydraulic gradient for all of the well 
pairs is downward-directed at -0.12 ft/ft. The average vertical hydraulic gradient within bedrock 
was calculated as -0.04 ft/ft based on data collected from four well pairs screened solely in the 
carbonate bedrock. Average upward-directed vertical hydraulic gradients ranged from 0.0063 to 
0.032 ft/ft at six well pairs (D-5/P-9, P-8/D-9, D-lO/P-62, D-12/P-64, D-15/P-67, and GW-06-001/ 
GW-08-002BR). The average horizontal hydraulic gradient for Area B was calculated through the 
central portion of the area using groundwater elevation maps (November 1995, March 1996, July 
1996, and January 1997) as 0.005 ft/ft. Steeper horizontal hydraulic gradients are evident in the 
eastem portion of Area B associated with more complex surface topography and in the westem 
portion of ALAAP in the vicinity ofthe Acid/Organic Manufacturing Area (Study Area 8). 

Aquifer slug testing was conducted at 42 monitoring wells in Area B during Phase 1 of the 
Supplemental Rl to obtain estimates ofthe aquifer hydraulic conductivity, at the new well locations 
and supplemental information at locations that previously were not tested. Additional information 
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Table 4-3. Grouadwater Elevation - Well Pairs 
Alabama Army Ammunition Plant, Childersburg, Alabama 
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Results of Field Investigations 

obtained from previous testing conducted by ESE between 1983 and 1993 in Areas A and B also 
was used to assess the distribution of calculated hydraulic conductivity values on ALAAP. 
Hydraulic conductivity testing has been conducted at 99 locations during all investigative phases on 
the ALAAP facility, including 52 wells screened in residuum, 40 wells screeried in bedrock, and 
7 wells screened in both residuum and bedrock. The hydraulic conductivity of wells screened in 
residuum (and residuum^ed^ock) ranged from 1.47 >; 10"̂  to 7.6 x 10"' cm/sec with a geometric 
average of 3.62 x 10"* cm/sec. Bedrock hydraulic conductivity ranged from 6.24 x 10'̂  to 
1.56 X 10' cm/sec with a geometric average of 7.50 x 10^ cm/sec. 

The distribution of hydraulic conductivity values was evaluated statistically using the 
probability plot correlation coefficient as a measure of the correspondence of the data set to a 
normal distribution. The measured hydraulic conductivity values are lognormally distributed based 
on the higher correspondence ofthe logarithmically transformed data to a normal distribution. The 
measured hydraulic conductivity values for bedrock and residuum also were determined to be from 
the same statistical population based on a t-test statistical comparison of residuum values to 
bedrock values (Appendix G). The overall hydraulic conductivity of the materials underlying 
ALAAP range from 6.24 x 10'̂  to 7.6 x IC' cm/sec with a geometric average of 5.66 x 10"̂  
cm/sec. The distribution of hydraulic conductivity across Area B is shown in Figure 4-10. The 
gridded hydraulic conductivity field indicates a pronounced northwest-southeast directed 
anisofropy. Calculated hydraulic conductivity values for the newly installed (Phase 1) wells ranged 
from 4.26 X 10"̂  to 4.99 x 10"̂  cm/sec, which falls within the overall range (6.24 x lO"̂  to 
7.6 X 10" cm/sec) of previously determined values. Table 4-4 summarizes the calculated values for 
each well, and data plots for each test are provided in Appendix G. 

4.2 DATA QUALITY ASSESSMENT 

All environmental (i.e., soil, sediment, surface water, groundwater, and biota) samples and 
field quality control (QC) blanks (i.e., trip blanks and equipment rinsates) collected during the 
Supplemental RI at ALAAP were analyzed using U.S. Army Enviroimiental Center (USAEC) and 
U.S. Envirormiental Protection Agency (EPA) methods from the following references: 

• USAEC Class I, IA, and IB Performance Demonstrated Methods (volatile organic 
compounds [VOCs], semivolatile organic compounds [SVOCs], pentachlorophenol 
[PCP], pesticides/polychlorinated biphenyls [PCBs], explosives and explosives 
breakdown products [waters only], metals, nitrate [waters only], and phosphate 
[waters only]) 

• Test Methods For Evaluating Solid Waste, Physical/Chemical Methods, SW846 
(total pefroleum hydrocarbons [TPH], total organic carbon [TOC], hexavalent 
chromium, polycycUc aromatic hydrocarbons [PAHs], explosives and explosives 
breakdown products [soils only], and all biota analysis [i.e., explosives and explosives 
breakdown products, SVOCs, pesticides/PCBs, hexavalent chromium, and metals]) 
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Results of Field Investigations 

Table 4-4. Results of Slug Test Analysis 
Alabania Army Ammunition Plant, Childersburg, Alabama 
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•Testing conducted at wells GW-17-009 and GW-07-010 was inconclusive. 
Well GW-21-002BR was not tested because of low water productivity. 
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m Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-020, 1983 with 
additions (nitrate [soils only], phosphate [soils only], and TOC [waters only]). 

During the review and evaluation process, 15 percent of Phase 1 and 30 percent of Phase 
2, 3, and 4 A analytical data generated by USAEC methods and 100 percent ofthe data generated 
by non-USAEC methods were subjected to a systematic and rigorous technical process by 
examining all analytical QC results and laboratory documentation, following the appropriate 
guidelines for laboratory data validation. This section provides an assessment of the quality 
assurance (QA)/QC results from the Supplemental Rl to confirm that the data used in this report 
meet the data quality objectives (DQOs) established for this investigation. Both quantitative 
measures and qualitative assessments will be presented to characterize these data as having 
sufficient quality to satisfy these objectives. The primary intent of this assessment is to illustrate 
that data originating from the Supplemental Rl can withstand scientific scrutiny, are technically 
defensible, and are of a known and acceptable precision and accuracy. All data were validated 
using the guidelines and specifications described in the following documents: 

• User's Guide, Installation Restoration Data Mariagement Information System 
(IRDMIS), Volume II Data Dictionary {USAEC 1995a) 

• Laboratory Data Validation Functional Guidelines for Evaluating Organics 
Analyses, EPA Contract Laboratory Program (CLP), February 1988 (VOCs, SVOCs, 
and pesticides/PCBs) 

• Laboratory Data Validation Functional Guidelines for Evaluating Inorganics 
Analyses, EPA CLP, February 1988 (metals) 

• U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) Quality Assurance 
Program, PAM 11-41 {]an\xary 1990). 

All data were flagged and qualified using IRDMIS. Each data point was assessed to 
determine whether the value was considered usable (i.e., no IRDMIS flagging code) or usable but 
outside QC criteria. All IRDMIS flagging codes applied to all data as necessary by ESE; PACE 
Enviroimiental Laboratories; EA Engineering, Science, and Technology, Inc.; and SAIC are 
contained in the comprehensive data summary tables in Appendix K. All IRDMIS qualifiers as 
applied by the USAEC chemist are defined at the bottom of each table presenting analytical data. 

After the validation process is complete, the following data are used in the discussion of 
the nature and extent of contamination: 

• Data with detected analytes that have no IRDMIS data qualifiers or flagging codes 

• Data with detected analytes that have IRDMIS data qualifiers or flagging codes other 
than A, B, G, +, 1, U, and R 
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• "Not detected" results are treated as one-half the limit of detection 

• Sample results with IRDMIS flags A, B, G, +, I, and U are treated as not detected and 
are included in the risk assessment as one-half the limit of detection; these flags are 
explained in greater detail in the Data Quality Assessment (Appendix I). 

The following are excluded from the analysis of the nature and extent of contamination: 

• Data in which analytes were rejected during data validation. 

• Field duplicates. Field duplicates are QA/QC samples that were collected to assess 
variability in the sampling process; therefore, they are discussed in Section 4.2.1 and 
Appendix 1, but the analytical results are not included in the discussion of natiire and 
extent of contamination or in the calculation of exposure point concentrations. 

Apperidix 1 presents the number of soil, sediment, surface water, groundwater, and biota 
samples collected during the Supplemental Rl, in addition to the number offield QC samples 
collected and selected laboratory QC (i.e., matrix spikes/matrix spike duplicates [MS/MSDs] on 
non-USAEC performance demonstrated methods) samples analyzed. The data validation 
worksheets are referenced within the subsection describing the applicable analysis. The QC 
checks and results are summarized below. 

4.2.1 Field Data 

The following sections describe the field data quality assessment and surveillance of field 
site activities. 

4.2.1.1 Field Data Quality Assessment 

The following sections summarize the .field DQOs for the precision, accuracy, 
representativeness, comparability, and completeness (PARCC) parameters obtained during the 
Supplemental RI at ALAAP. Appendix T provides an in-depth discussion of the field PARCC 
parameters. Appendix C provides a data quality assessment for the analytical work completed in 
the field laboratoiy. . 

Precision—Sampling precision and spatial variability of contamination can be assessed 
through the analysis of field duplicates.' Field duplicate samples assess the precision of the 
sampling techniques and spatial variability of the contamination. Field duplicate samples were 
included as part ofthe Supplemental Rl and were collected at a rate of 1 duplicate per 10 field 
samples using the same techniques as those used to collect the environmental samples. Specific 
control limits for field precision were not established iri part because the natural heterogeneity of 
the environmental media was much greater than the variability imparted by field activities. 
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Field relative percent difference (RPD) values were calculated only for compounds and 
elements detected in concentrations greater than the certified reporting limits (CRLs) in both 
duplicate pair samples or in one sample. A statistical summary may show how far each 
individual RPD value departed from the mean. The sample RPD assesses the impact ofthe field 
sampling analysis on a pair of duplicate pairs. Table 1-2 of Appendix I provides a summary, by 
medium and by analyte, of the RPD and absolute difference for field replicates. As one might 
expect, soil heterogeneity imparts a large degree of uncertainty as to what might be considered 
representative values. Average RPDs were calculated only for that analyte or compound detected 
in at least two field duplicate pairs. Average RPDs in soil range from roughly 17.6 to 105.7 
percent for metals, 138.1 to 153.4 percent for VOCs, 21.1 to 126.8 percent for SVOCs, 100.2 to 
200 percent for explosives, and 42.7 percent for TOC. Average RPDs in water range from 3.8 to 
56.4 percent for metals, 45.8 to 200 percent for VOCs, 52.9 to 146.2 percent for SVOCs, 10 to 
200 percent for explosives, and 57.3 to 131.7 percent for PAHs. The soil field duplicates were 
more variable than the water field duplicates, as deduced from average values. Overall, project 
precision for environmental analyses has been determined to be adequate for the uses of the 
analytical data, which were to identify the contaminants and provide an assessment of the 
distribution of each analyte (i.e., the spread of the reported values about their mean) in both soil 
and water matrices. A comprehensive discussion ofall field duplicate sample results is presented 
in Sections L2.4 and L6 of Appendix! ; 

Accuracy—Sampling accuracy was maximized by the adherence to the strict QA program 
presented in the ALAAP Supplemental RI Quality Assurance Project Plan (QAPP) (SAIC 
1995b). Field QC blanks (i.e., source water, trip blanks, and equipment rinsates) were prepared 
to ensure that all samples represent the particular study area from which they were collected, 
assess any cross-contamination that may have occurred, arid qualify the associated analytical data 
accordingly. 

During the ALAAP Supplemental RI sampling program, approximately 19 percent ofthe 
samples collected during the program were field QC blanks (i.e., trip blanks and equipment 
rinsates) obtained to determine the degree df cross-contamination or ensure successful 
decontamination procedures. The majority of the trip blank results were generally below the 
CRLs. An IRDMIS flagging code "A" was applied to 27 acetone, 33 methylene chloride, 19 
toluene, 1 methyl ethyl ketone (MEK), and 2 carbon disulfide and chloroform concentrations to 
indicate that the flagged concentrations were detected in the associated trip blanks and did riot 
exceed 10 times the concentrations detected in the associated trip blank. The "-" flag in 
combination with the "A" flag indicates that the sample concentration is considered to be site 
related. Therefore, all low-level acetone, methylene chloride, toluene, MEK, carbon disulfide, 
and chloroform detects in these field samples are highly suspect and should be considered 
potential false positives. 

The flagging code "G" or "G+" was applied to 1 MEK, 23 methylene chloride, 50 
toluene, 38 acetone, 3 carbon disulfide, 6 chloroform, 41 bis(2-ethylhexyl)phthalate (B2EHP), 
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14 indeno(l,2,3-cd)pyrene, 67 2,4-dinitrotoluene (2,4-DNT), 20 potassium, 2 selenium, 3 copper, 
\ ^ and 3 zinc concenfrations to indicate that these concenfrations were detected in the associated 

rinsate blanks. A "G" flag (1995 data) or a "G+" flag (1996-1997 data) indicates that the 
concenfrations detected in the erivironmental samples did not exceed 10 or 5 times the 
concenfrations detected in the associated equipment rinsate and are considered false positives due 
to equipment rinsate contamination: The "-" flag in combination with the "G" flag indicates that 
the sample concenfration is considered to be site related. Despite the flagging codes, these field 
QC results are not considered to have affected the sample data quality adversely. Based on an 
evaluation of the compounds and jelements detected iri the field QC blanks, the overall field 
accuracy is acceptable, except where noted. As a result, the field DQO for accuracy is 
considered to have been met. Sections 1.2 and 1.6 of Appendix I presents a comprehensive 
discussiori of the field QC results: Table 1-4 of Appendix I summarizes the data flags and 
qualifiers applied to the data. 

From May 17 to June 19, 1^95, samples were prepared for shipment in a frailer where the 
field screening activities were occurring. These activities included the exfraction of screening 
samples with acetone. Therefore, samples being packaged for shipment to the laboratory may 
have been exposed to acetone during this time period. Initial results containing high 
concenfrations of acetone were recognized and the SAIC QA Manager was notified. The 
probable source of acetone was identified (field screeriing analysis ofsamples) and immediate 
remedial actions were taken. The field screening laboratory was physically separated from 

\ ^ sample handling and packaging activities, and the.field frailer was decontaminated. However, 
any acetone concenfrations detected in these field samples may be biased high due to this field 
laboratory contamination. These samples have not been assigned an IRDMIS flag beeause no 
suchflagexistsforthis type of exposure. -

Representativeness—Representativeness is defined as the degree to which the data 
accurately and precisely representj a characteristic of a population, parameter variations at a 
sampling location, a process condition, or an environmental condition. The soil sampling 
approach was a variation, of probabilify (statistical) sampling and the search sampling typically 
used in locating suspected "hot spots." Historical data from the ESE RI were reviewed and 
probability sampling was designed to ensure that the quality and quantity of the environmental 
sampling would properly characterize the study areas. Soil data obtained from these sampling 
approaches have the following limitations: concenfrations may not represent the average soil 
contamination and the disfribution.of contaminant concentrations may not accurately represent 
the disfribution over the entire base. The sampling approach used in collecting groundwater 
samples was a variation of probability sampling and purposive/judgmental sampling. 
Purposive/judgmental sampling is a potentially biased approach in which each sampling is based 
on a predetermined conceptual model or understanding of contamination. Holding times and 
preservation criteria are based on the most restrictive holding times recomriiended by USAEC 
and/or EPA for water and soil mafrices. Sample representativeness was ensured duririg the 

( J Supplemental Rl by collecting sufficient samples of a population medium, properly distributed 
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with respect to location and time. Representativeness was assessed by reviewing the drilling 
techniques and equipment, sample collection methods, equipment, and sample containers used 
during the Supplemental RI, in addition to evaluating the RPD values calculated from the 
duplicate samples. Intervals for soil sampling were chosen to obtain the strata with the highest 
concenfrations of contaminants in order to achieve the most conservative representation and to 
optimize the number of samples required. 

Based on the evaluation of the factors described in the previous section and summarized 
in Appendix I, the samples collected during the Supplemental RI are considered to be 
representative of the environmental condition at ALAAP. 

ComparabUity—Comparability is a qualitative parameter expressing the confidence with 
which one data set can be compared to another, and is limited to the other PARCC parameters. 
To optimize comparability, only the specific methods and protocols that were specified in the 
ALAAP Supplemental RI QAPP (SAIC 1995b), as required by the USATHAMA Quality 
Assurance Program, PAM 77-̂ 7 (January 1990), were used to collect and analyze samples 
during the Supplemental RI. By using consistent sampling and analysis procedures, all data sets 
were comparable within the study areas at ALAAP, among study areas at the installation, or 
among U.S. Army facilities nationwide, to ensure that remedial action decisions and priorities 
were based on a consistent database. Based on the precision and accuracy assessment presented 
previously, the data collected during the Supplemental RJ are considered to be comparable with 
the data collected during previous investigations. 

Co/wp/e/e«ej5—Completeness is defined as the percentage of valid data obtained from 
the sampling and analysis process. Furthermore, project completeness is defined as the 
percentage of data used to prepare a preliminary human health-based risk evaluation and on 
which recommendations for site remediation are based. For analytical data to be considered 
usable for the preliminary risk evaluation and remediation recommendations, each data point 
must be satisfactorily validated. Results that have been flagged for various reasons may be 
considered to have encountered minor problems with limited impact on the data quality. The 
completeness of both laboratory analyses and sampling are evaluated for each study area. DQOs 
for the Supplemental Rl at ALAAP were set at 95 percent for both field sampling and laboratory 
completeness. Based on the evaluation of the field and laboratory QC results presented in 
Sections 1.2,1.3,1.5, and 1.6 of Appendix I, 98.3 percent ofthe total environmental sample data 
collected during the ALAAP Supplemental RI was used as the basis for all recommendations 
presented in this report. 

4.2.1.2 Field Surveillance 

A system surveillance of field site activities was completed by an SAIC technical 
surveillance team in June 1995. This surveillance consisted of a review offield practices at the 
ALAAP facility and included observing personnel performing tasks, interviewing persoimel, and 
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reviewing the documentation maintained onsite. After the audit was completed, any deficiencies 
were discussed with the field staff and corrections were identified. All field activities were found 
to be m compliance with the work plans and applicable USAEC, EPA, and State documents. 

4.2.2 Laboratory Data 

The following sections describe the laboratory data quality assessment, detection, and 
quantitation limits, and surveillance of laboratory activities. 

4.2.2.1 Laboratory Data Quaiity Assessment 

The following sections summarize the laboratpry DQOs for the JPARCC parameters 
obtained during the Supplemental RI at ALAAP. Apperidix 1 contains a detailed discussion of 
the laboratory PARCC parameters: 

Precision—Precision was evaluated based on the analysis of three different types of QC!! 
samples: USAEC Class 1, IA, and IB spiked ()C samples; MS/MSDs; and duplicate field 
sample analyses. 

Class 1, IA, and IB USAEC QC spike sample recoveries were used as a primary confrol 
of accuracy and precision iri the laboratory system. Data were not qualified by the USAEC 
Geology and Chemistry Branch when there was an indication that either accuracy or precision 
was less than, higher than, or different than tliat which was expected. Data were qualified as 
rejected when significant errors were identified. Rejected data may not be expected to be 
representative, but may be useful in making broad observations and conclusions. 

When USAEC QC spike samples have recoveries outside the upper confrol limits (UCLs) 
or lower confrol limits (LCLs), a lack of precision'and accuracy may be suspected. Low arid high 
recoveries ofthe USAEC QC spike samples indicate that the analytical process is not performing 
at an optimal level, and maiy lead to the reportiiig of false negatives or false positives. A false 
positive is an analyte that is detected during chemical analysis of a sample, but is not actually 
present in an environmental sample. Analytes reported at their CRLs that are actually present in 
an environmental sample are considered false negatives. ' 

The data qualifiers (e.g;, I, J, K, L, M, N, O, and P) were applied for USAEC QC low and 
high spike recoveries being outside the UCLs or LCLs. The qualifier "?" was automatically set 
when a lot fil(5 had been loaded, but the corresponding confrol charts had not been approved. 
SVOC, zinc, heptachlor, and 2-amino-4,6-dinifrotoluene (2-A-4,6-DNT) results in selected 
samples were qualified as rejected (i.e., "R") for USAEC QC spike recoveries being too low or 
too high. These results were not included in the risk assessment. Table 1-4 in Appendix I 
summarizes the data qualifiers applied to the RI data by the USAEC Geology and Chemistry 
Branch. 
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The second type of QC sample used to assess the precision of the data quality was the 
RPDs ofthe MS/MSD samples. Ten RPD values (of 66 values reviewed) for SVOC MS/MSD 
biota analyses and 19 RPD values (of 56 values reviewed) for metals MS/MSD biota analyses 
did not meet the confrol criteria. These results are considered to have little impact on the 
environmental data quality and considered more likely to be the result of the biota matrix 
variability because all other required analytical QC criteria were met. Fourteen pesticide/PCB 
MS/MSD RPDs (of 42 values reviewed) were higher than the target limit. The pesticide/PCB 
MS/MSD recoveries also are outside the confrol limits, indicatuig that the bias to the sample data 
is high. Six RPDs in water and 12 RPDs in soil did not meet the required metals RPD QC 
criteria. These results do not indicate a QC problem and are not Considered to affect the 
environmental data quality adversely. Three soil hexavalent chromiimi RPD values (of 13 
reviewed values) were greater than the 20 percent criteria. The fact that both high and low 
recoveries and high RPDs were observed for hexavalent chromium indicates that a mafrix effect 
may be present. These results are not considered to affect the soil data quality adversely because 
laboratory confrol samples (LCSs) were within the acceptance criteria. Therefore, the analytical 
precision DQO for metals and hexavalent chromium analyses is considered to have been met. 
All PAH, explosives, hexavalent chromium (i.e., water and biota), nitrate, and total phosphate 
RPD values were within the applicable confrol limit; therefore, the andytical precision DQO for 
those analyses is considered to have been met. Sections 1.3 and 1.5 of Appendix I discuss the 
analytical QC criteria used to evaluate analytical precision and all MS/MSD results. 

y4ccttrflcy—Analytical accuracy for this project was measured through the use of method 
blanks; Class 1, IA, and IB USAEC spiked QC samples (low and high spike recoveries); 
surrogate spiked QC samples (only gas chromatography/mass specfrometry [GC/MS]); surrogate 
field samples (only GC/MS); and MS/MSD samples. 

During the ALAAP Supplemental RI analytical program, one method blank analysis was 
conducted with each analytical lot of enyfronmental samples analyzed. Each method blank was 
evaluated for interferents that might interfere with accurate quantification of a target compound. 
An IRDMIS code flag "B" was applied to numerous acetone, methylene chloride, toluene, 
chloroform, and B2EHP concenfrations detected in soil, water, and biota samples to indicate that 
these compound concenfrations did not exceed 5 to 10 times the concentrations detected in the 
associated method blanks. The "-" flag indicates those samples whose concentrations are 
considered to be site related. A flagging code "B" also was applied to aluminum, arsenic, 
antimony, chromium, copper, lead, zinc, and nickel concenfrations detected in biota samples. 
The flagged analytical results may be considered false positives due to cross contamination 
during sample collection or from the laboratory equipment. Despite the flagging codes, these QC 
results are not considered to have affected the sample data quality adversely. Based on an 
evaluation of the compounds and elements detected in the method blanks, the overall accuracy is 
acceptable, except where noted. As a result, the laboratory DQO for accuracy is considered tp 
have been met. Sections 1.3 and 1.5 of Appendix I present a comprehensive discussion of the 
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method blank results. Table 1-4 summarizes the data flags and qualifiers that have been applied 
tothe data. 

The USAEC QC confrol charts show that all analyses had acceptable accuracy, except for 
15 lots. Standards, daily calibration, and check standards for these lots were within the confrol 
limits. These out-of-confrol situations in the confrol charts should have minimal impact on the 
corresponding data. The field sample data may be quantitated slightly low. 

Based on an evaluation ofall biota LCS analyses, the percent recoveries of all spike 
compounds were within acceptable limits, except aluminum and selenium from sample delivery 
groups (SDGs) Et7964, ET7984, and ET811; lead, aluminum, and zinc frpm SDG ET8649; and 
chromium and selenium .from SDG Til 130. Nickel in the LCS from SDG ET8649 exhibited a 
very high percent recovery. The percent recoveries outside the confrol limits indicate the 
potential for bias to the sample data. 

The fourth type of QC used to assess the accuracy of the data quality was the percent 
recoveries of the surrogates spiked into environmental s^ples for VOC, SVOC, organochlorine 
pesticide/PCB, PAH, and TPH-diesel analyses. Based on the pervasiye lov̂ ^ surrogate spike 
recoveries for VOCs and SVOCs, soil and water results may be biased low and may include false 
negatives. Twenty-nine (of 320 reviewed values) organochlorine pesticides/PCBs were outside 
the applicable confrol limits. All PAH and TPH (i.e., diesel range organics [DRO]) surrogate 
recoveries were, witiiin the confrol limits. All supporting VOC, SVOC, organochlorine 
pesticide/PCB, PAH, and TPH-DRO information cited previously also vvas qualitatively, 
evaluated with respect to the analytica] accuracy DQO. 

Although USAEC QC spike samples measure the accuracy of the methods independently: 
ofthe sample matrix (i.e., the LCS matrix is not the same as the environmental sample), accuracy 
determined by MS/MSP samples for non-USAEC methods is a fimction of; both matrix and 
method. Antimony, arsenic, and lead concentrations above the CRLs in selected biota samples 
may lead to high-biased results, and concentrations below the CRLs may lead tp low-biased 
results due to low MS recoveries. Forty-four inductively coupled argon plasma (ICAP) 
recoveries (12 water and 32 soil) and 4 ICAP/MS recoveries in soil exceeded the metals QC 
limits due to possible mafrix interferences. All other soil and water parameters that required 
MS/MSD sample analysis (i.e., hexavalent chromium [water], nitrate, PAHs, pesticides/PCBs 
[soils] and total phosphate) had recoveries that were within the appropriate confrol limits. Based 
on the evaluation of tiie MS/MSD results and the associated laboratory QC results summarized in 
Sections 1.3 and 1.5 of Appendix I, on a project-wide basis, the laboratory accuracy has been 
determined to be acceptable for all analyses, and as such, the analytical DQO for accuracy was 
met, except where noted. 

Representativeness—factors that affect the representativeness of-the analytical data 
include improper preservation, holding times, use of standard analytical methods, and matrix or 
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analyte interferences. Holding times and preservation criteria are based on the most resfrictive 
holding times recommended by USAEC and/or EPA for water and soil mafrices. 

Based on the evaluation ofthe factors described previously and summarized in Sections 
1.3 and 1.5 of Appendix 1, the samples collected during the Supplemental RI are considered to be 
representative ofthe environmental condition at ALAAP. 

Comparability—To optimize comparability, only the specific methods and protocols that 
were specified in die ALAAP Supplemental RI QAPP (SAIC 1995b), as required by die 
USATHAMA Quality Assurance Program, PAM 11-41 (January 1990), were used to collect and 
analyze samples during the Supplemental RI. By using consistent sampling and analysis 
procedures, all data sets were comparable within the study areas at ALAAP, among study areas at 
the installation, or among U.S. Army facilities nationwide, to ensure that remedial action 
decisions and priorities were based on a consistent database. Comparability also was ensured by 
the analysis of USAEC and EPA reference materials, establishing that the analytical procedures 
used were generating valid data. The Supplemental Rl used one laboratory to perform the 
USAEC analyses and the same sampling method for each niedium. All samples collected for 
VOCs, SVOCs, PCP, pesticides/PCBs, explosives and explosives breakdown products, metals, 
nitrate, and total phosphate were analyzed using USAEC Class 1, IA, and IB methods. Soil 
samples collected for TPH, TOC, hexavalent chromium, nitrate, and total phosphate analysis; 
water samples collected for hexavalent chromium, TPH, and TOC; and biota samples collected 
for explosives and explosives breakdown products, SVOCs, pesticides/PCBs, hexavalent 
chromium, and metals were analyzed using EPA solid waste methods and general chemical 
methods. Based on the precision and accuracy assessment presented previously, the data 
collected during the Supplemental RI are considered to be comparable with the data collected 
during previous investigations. 

Completeness—Completeness was defined as the percentage of valid data obtained from 
the sampling and analysis process. Section 4.2.1.1 presents a discussion of completeness for 
project-related data. 

4.2.2.2 Detection and Quantitation Limits 

To ensure maximum confidence in chemical identification and detection levels, the CRL 
was used for reporting all ofthe target chemicals analyzed by the USAEC methods. The CRL is 
the lowest sample concenfration that may be reported. The CRL is associated with the entire 
method and reflects all sample preparation and measurement steps. The method CRL is higher 
than the instrument detection limit (IDL). The CRLs were determined from a comparison of 
detected versus actual concenfrations for spiked standard matrix samples and calculated 
according to the USATHAMA reporting limit program with a 95 percent confidence limit. The 
method dietection limit (MDL) was used as a minimum level for reporting all of the target 
chemicals analyzed by the EPA SW846. Methods. The MDL is defined as the minimum 
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concentration of a chemical that can be measured and reported with 99 percent confidence that 
{^^ the value is above zero. The MDL actually achieved in a given analysis will vary depending on 

instrument sensitivity and mafrix effects. 

4.2.2.3 Laboratory Surveillance 

A system surveillance of laboratory activities conducted in March 1995 (ESE) and 
September 1995 (PACE) was completed by an SAIC technical surveillance; team. This 
surveillance consisted of a review of laboratory practices and included observing personnel 
performing tasks, interviewing personnel, and reviewing the documentation maintained onsite. 
After the audit was cpmpleted, any deficiencies were discussed with the laboratory staff and 
corrections were, identified. All laboratory activities were found to be in compliance with the 
work plans and applicable USAEC, EPA, SAIC, and State documents. , , 

4.2.3 Assessment Summary 

The ALAAP Supplemental RI Phases 1, 2, 3, and 4A field activities spanned 36 months. 
During the project, more than 1,000 samples were collected, resulting in an analytical database of 
more than 6,500 analyses. The mass of results of organics and inorganics from ESE, PACE, and 
EA were usable and fulfilled the needs of the Supplemental RI. A complete discussion of data 
quality and usability for soil, sediment, water, and biota is provided in Appendix 1. Overall, the 
quality of the analytical data is acceptable. Any limitations affecting data interpretation and 
usage are summarized below: 

• Acetone, methylene chloride, chloroform, carbon disulfide, toluene, MEK, B2EHP, 
indeno(l,2,3-cd)pyrene, potassium, selenium, copper, and zinc detects in specific 
samples are highly suspect and should be considered potential false positives due to 
cross-contamination during sample collection or from the laboratory environment. 

• Antimony, etrsenic, and lead concentrations above the CRLs in selected biota samples 
may be high-biased results and concenfrations below the CRLs may be low-biased 
results due to low MS: 

• VOC and SVOC data may be biased due to surrogate recoveries outside the LCLs and 
UCLs. 

• SVOC, zinc, heptachlor, arid 2-A-4,6-DNT results in selected samples were rejected 
for the USAEC QC spike recoveries being too low or too high. 

4.3 IDENtlFICATION OF CHEMICALS EXCEEDING BACKGROUND 

Environmental and biota samples were collected to characterize background conditions at 
V^^ Area B. The background data are compared to data from the study areas to evaluate the presence 
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of environmental contamination. This section describes the methods used to compare study area 
data to background data. Data used to determine background conditions include samples 
collected by SAlC to support this Supplemental RI and background surface soils collected by 
ESE in 1993 (ESE 1995). Data used in the background comparison have been analyzed and 
validated in accordance witii USAEC protocols (USAEC 1995a, USATHAMA 1990), witii one 
exception. Metals data for background soil samples collected by ESE were validated against 
EPA SW846 Method Criteria (Methods 6010 and 8330). These data previously have been 
accepted as valid by EPA. 

The background comparison was conducted for each analyte and study area, and follows 
EPA Region IV guidance (EPA 1995c). Figure 4-11 presents a flow chart of the mediodology 
for comparing concenfrations of chemicals detected to background concenfrations. Chemicals 
may be eliminated from further consideration or identified as exceeding background. Duplicate 
samples are considered to be QA/QC samples that were collected to assess variability in the 
sampling process. Consequently, analytical results for duplicates were excluded from use in 
identification of chemicals exceeding background (CEBs) and statistical analysis. 

CEBs were identified for each study area and medium as follows: 

• If an analyte was not detected in the study area and medium, it was eliminated as a 
CEB. 

• If an analyte was not detected, or was flagged with an "A," "B," "G," "A+," "B+," 
"G+," "I," or "U" code, the analyte was used in the CEB comparison and other 
statistical analyses at a value equal to one-half the reporting limit. 

• Ifthe analyte is an organic compound, it was identified as a CEB because background 
concentrations of organic chemicals are assumed to be zero. 

• If the analyte is inorganic, a background comparison was conducted in accordance 
with EPA Region FV guidance (EPA 1995c). For this comparison, the maximum 
detected study area concentration was compared to two times the average background 
concenfration. If the study area maximum equaled or exceeded the background 
criterion, the analyte was identified as a CEB. 

Chemicals identified as CEBs are included in the evaluation of the nature and extent of 
contamination (Section 4), and are the fu t̂ step in developing the list of chemicals of concern 
(COCs). The CEBs are discussed with respect to fate and transport (Section 5) and carried 
forward to the human health (Section 6) and ecological risk assessments (Sectipn 7). The 
potential impact of the CEBs on human health or the environment is determined by conducting 
human health and ecological risk assessments. 
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w^ 

Kj 

Eliminate as CEB 

Eliminate as CEB 

\ ^ Figure 4-11. Comparison of Study Area Concentrations to Background 
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For soil, groundwater, surface water, sediment, and biota, background results for each 
analyte were compared to study area results (Sections 4.4 through 4.8). Background comparisons 
were conducted separately for soils for three distinct soil intervals. The initial comparison vvas 
conducted using study area and background data for surface soil samples obtained from 0 to less 
than 1 foot BLS. The second and third comparisons were conducted using study area and 
background data for soils collected from 1 to 10 feet and greater than 10 feet BLS, respectively. 
These depths were chosen to distinguish between surface, shallow subsurface, and deep subsurface 
soil contamination and because data used in the risk assessment are aggregated according to these 
depths (see discussion in Section 6.1.2.1 conceming aggregation ofdata by deptii). 

For each medium and study area, summary statistics are provided in tabular format for each 
CEB. These tables include: 

Total number of samples analyzed for each analyte 

Total number of times the analyte was detected 

Frequency of detection (number of detects divided by total number ofsamples) 

Minimum and maximum CRL 

Minimum and maximum detected concentrations for each analyte 

Arithmetic mean 

Standard deviation ofthe mean 

Assumed distribution ofthe data 

95 percent upper confidence limit (UCL95) ofthe arithmetic mean 

The exposure point concentration, which is the concentration used in the risk 
assessment and explained in Section 6 

Two times the average background concentration for metals. 

Tables identifying sampling points within each study area and media where the 
concentration exceeds the background criteria (i.e., two times the average background 
concentration) are presented in Appendix J. 

An analysis of variance (ANOVA) was conducted to support the nature and extent 
evaluation and the weight of evidence analysis, which supports decision-making (Section 8). For 
the nature and extent evaluation, CEBs were subjected to an ANOVA. CEBs identified as site 
related in the ANOVA are the chemicals on which the text is focused in Sections 4.4 through 4.8. 
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The ANOVA is used as one factor in the weight of evidence discussion (Section 8), which is 
V̂ B̂b̂  presented to help make risk management decisions regarding the need for remediation. 

ANOVA includes a wide variety of statistical procedures that compare the means of 
different groups of observations to determine whether any significant differences exist among the 
groups. For the Supplemental Rl, ANOVA was conducted using the Mann-Whitney test...The 
Mann-Whitney test is a nonparametric test that uses the ranks of the sample data ratiier than their 
values. The underlying assumption of the Mann-Whitaey test is that the ranks of the data are 
approximated by a normal distribution. The minimum number of samples required for conducting 
the Mann-Whitney test was four. The Mann-Whitney test was not conducted for study area or 
background data sets with fewer than four samples. The methodology used to conduct ANOVA is 
discussed lurther in Appendix J. 

Sections 4.4 through 4.7 discuss.the horizontal and vertical extent of CEBs, where 
appropriate. Althbugh all CEBs ai'e provided in the sections,, the discussions focus on those CEBs 
that also were determined to exceed background based on the ANOVA analysis. For groundwater 
and surface water, essential nutrient (calciurii, magnesium, potassium, and sodium) CEBs are 
discussed because these nutrients can be indicators of water quality. For soil and sediment, 
essential nutrient CEBs are presented in the text, but horizontal and vertical extent is not discussed. 
Section 4.8 discusses CEBs for biota samples collected during the Supplemental RI. 

l ^ 4.4 GROUNDWATER QUALITY ASSESSMENT 

The chemical quality of groundwater underlying ALAAP - Area B is affected by natural 
groundwater interaction vvith the aquifer through which it flows in addition to the effects of 
chemical constituents that are the result of prior munitions production and storage operations. The 
following sections summarize inorganic and organic constituents detected in background 
groundwater samples and environmental samples collected from wells monitoring Area B between 
January 1995 and January 1997 (Phases 1, 2, and 3). The investigation of groundwater quality in 
deeper bedrock pathways (Phase 4) that are associated with conduit flow is continuing at the site. 
The locations of monitoring wells installed in Area B are shown in Sheet 3-5. 

4.4.1 Background Groundwater Quality 

Ten monitoring wells witiiin and around the ALAAP boundary that are indicative of 
background groundwater quahty were sampled during the Area A and Area B investigations. These 
included monitpring wells installed nortii and east of Area A (P-83, P-84, P-85, P-87, P-91, D-20, 
D-22, and D-23) and GW-BK-02BR. Source water from the Childersburg, Alabama, water supply 
well, which produces from deeper bedrock, also was sampled and used for background comparison. 
Five ofthe monitoring wells are completed in the shallow residuum (P-83, P-84, P-85, P-87, and 
P-91) and five of the monitoring wells were installed in tiie bedrock (D-20, D-22, D-23, 

, t GW-BK-02BR, and tiie potable Childersburg supply). Each background well is off tiie post. 
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upgradient of ALAAP, and is not considered to be affected by the investigated sites^ in Area A or 
Area B. The background wells north and west of Area A, are upgradient of tiie investigated sites in 
Area A, as documented by groundwater elevation maps (ESE 1996). Groundwater at residuum 
background well GW-BK-01 has been compromised consistently by explosives concentrations and 
groundwater in well P-86 contains elevated metals, including lead. These wells were excluded 
from the background data set. All groundwater samples collected from the wells during the Area B 
investigations were analyzed for metals, explosives, VOCs, and SVOCs. Samples collected during 
the Area A investigation were analyzed for explosives and metals: Organic constituents that were 
detected in background groundwater samples include VOCs, SVOCs, including trace 
concenfrations of PAHs, and sporadically detected explosives compounds. Table 4-5 provides 
summary statistics for the background groundwater samples collected. Data summary tables are 
presented in Appendix K. 

Metals—Alummum (104 to 2,930 ^g/L), arsenic (1.38 to 2.65 jig/L),. barium (6.13 to 
63.2 ng/L), chromium (6.17 to 12.4 ^g/L), copper (10.7 to 11.6 ^g/L), iron.(51 to 8,240 fxg/L), lead 
(1.26 to 10.1 ng/L), manganese (6.56 to 241 ng/L), selenium (1.28 to 2.17|ig/L), vanadium 
(14.4 ng/L), and zinc (24.8 to 375 ng/L) were detected in the background wells. Concentrations of 
nutrient metals that were detected in the background wells included calcium (1,560 to 
76,300 ng/L), magnesium (579 to 17,100 ng/L), potassium (644 to 25,800 ng/L), and sodium 
(1,540 to 8,090 ng/L). The detected metals concentrations in background groundwater samples are 
predominantly within the ranges detennined by Moser (1988) for natural groundwater quality from 
Knox Group wells in Talladega County. Background concentrations of aluminum, copper, and 
vanadium in Talladega County were not reported by Moser. Concentrations of calcium 
(76,300 ng/L), chromium (6.17 to 12.4 ng/L), iron (975 to 8,240 ng/L), manganese (241 ng/L), and 
potassium (3,340 to 25,800 ng/L) that were detected in the background wells exceeded the regional 
ranges reported by Moser. A comparison of the metals concentrations detected in background 
samples at ALAAP to naturally occurring concentrations in Talladega County is included in 
Table 4-5. 

fjup/os/ves—Explosives compounds and explosives breakdown products were detected in 
wells P-83, P-84, D-20, and GW-BK-02BR. The explosives compounds in tiie background wells 
were not detected consistently between sampling events, and consisted of 2,4,6-trinifrotoluene 
(TNT) (0.769 to 22.9 ng/L), 2,4-DNT (0.576 to 120 ng/L), 2,6-DNT (1.48 ng/L), and 2-A-4,6-DNT 
(0.234 ng/L). The maximum concentration for all explosives compounds was detected in 
background well D-20. 

VolatUe Organic Compounds—^VOCs, including acetone (80 ng/L), toluene (0.59 to 
3 ng/L), and trichloroethene (TCE) (0.79 ng/L), were detected in the background wells for Area B. 
The VOCs were detected in background wells D-20, P-83, and P-84 and generally were not 
reproduced between sampling events. 
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Semivolatile Organic Compounds—Benzoic acid (26 |ig/L); benzyl alcohol (1.3 to 
1.7 ^g/L); B2EHP (7.2 to 41 ^lg/L); di-N-butyl phtiialate (3.5 pg/L); PCP (15.7^g/L); phenol 
(35 to 300 pg/L); and the PAH compounds acenaphthylene (2.6 |ag/L), benzo(b)fluoranthene 
(0.0017 ng/L), benzo(k)fluorantiiene (0.00053 to 0.00074 pg/L), dibenzo(a,h)antiiracene 
(0.004 pg/L), fluorantiiene (0.0048 pg/L), and indeno(l,2,3-cd)pyrene (0.0077 to 0.02 pg/L) were 
sparsely detected in tiie background wells D-20, P-83, P-84, and GW-BK-02BR. 

4.4.2 Area 8 Groundwater Quality 

Because of the location of an interpreted groundwater divide extending into Area A, the 
assessment of groundwater quality underlying Area B is separated into two site areas. The first site 
area incorporates the majority ofthe Industrial/Storage Area located west ofthe groundwater divide 
and the second site area includes Study Areas 16, 19, and 22 located east ofthe inferred divide. 
Additional investigations pertaining to the presence and migration of groundwater contamination 
are currently ongoing (Phase 4) and will be presented in a separate groundwater report. The results 
for select chemicals (TNT, 2,4-DNT, 2,6-DNT, and lead) detected during tiie Phase 1, 2, and 3 
groundwater sampling events are shovvn on Sheets 4-1 to 4-4. 

4.4.2.1 Area B Industrial/Storage Area 

Groundwater underlying the majority of Area B north and west of the groundwater divide 
contains a mixture of naturally occurring and potentially site-related inorganic constituents and 
organic chemicals, including VOCs, SVOCs, and explosives-related compounds. Appendix K 
presents data summary tables for the groundwater. Table 4-6 provides summary statistics for 
elements and compounds detected in Area B groundwater for sampling events that were conducted 
between January 1995 and January 1997. 

Chemical concentrations that were attiibutable to site background or are naturally occurriiig, 
and, therefore, are not indicative of mission-related environmental contamination, are not 
considered fiirther in delineating the nature and extent of the chemical constituents impacting 
groundwater quality at Area B. Although many of these compounds are not considered in the 
physical delineation of groundwater contamination, the detected concentrations remain subject to 
risk assessment. 

Metals—Inorganic constituents that were detected above background concentrations in 
groundwater underlying the bidiistrial/Storage Area in Area B are shown in the box adjacent to this 
paragraph and included aluminum (73.6 to 76,700 pg/L), antimony (1.0 to 3.04 pg/L), arsenic 
(0.99 to 200 pg/L), barium (4.69 to 1,430 pg/L), beryllium (5.62 to 6.83 pg/L), chromium (6.12 to 
92.6 pg/L), hexavalent chromium (20 pg/L), cobalt (29 to 155 pg/L), copper (6.14 to 891 pg/L), 
iron (51.4 to 163,000 pg/L), lead (1.02 to 65,000 pg/L), manganese (3.72 to 6,420 pg/L), mercury 
(0.439 to 0.506 pg/L), nickel (7.87 to 138 pg/L), selenium (1.11 to 3.66 pg/L), tiiaUium (1.02 to 
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Table 4-6. Summary Stalistlci and Exposure Point Concentraiions for Groundwater at Main Industrial Area - Main Industrial Area 
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1.140 

1.0 

8.2 

23 

1.8 

046 

1.0 

0.71 

0.082 

0.076 

0.17 

15 

1.4 

1.4 

15 

0.12 

0.0016 

0.0014 

0.0018 

0.0040 

0.00054 

2.7 

0.85 

0.81 

0.52 

0.13 

Maxunum 

76,700 

3.0 

200 

" 1,430 

6.8 

750,000 

93 

155 

891 

• 20 

163,000 

65,000 

233,000 

6,420 

0:31 

138 

94,700 

3.7 

83.300 

1.4 

227 

347 

2.6 

93 

81 

26,000 

49,000 

1,700 

230 

53 

220 

43 

44 

0.75 

0.017 

0.040 

0.15 

0^028 

0.035 

2.7 

0.83 

6.4 

3.1 

0.49 

Arilhmetic 

Meari* 

4,687 

059 

4.8 . 

66 

2.6 

39,335 

8.1 

' 19' 

19 

6.7 

7,635 

269 

12,828 

436 

0.13 

19 

6,606 

0.88 

6,213 

0.52 

13 

36 

0.28 

1.5 

0.94 

366 

1,319 

13 

3.7 

1.7 

4.4 

12 

lb 
0.16 

0.41 

l. l 

1.3 

1.6 

0.21 

0.43 

0.26 

0.45 

0.36 

0.56 

Standanl 

Deviation' 

11,687 

0.40 

21 

168 

0.56 

83,973 

17 

"19 

95 

5.0' 

21,976 

2,286 

26,243 

963 

0.053 

17 

15.744 

0.60 

9,967 

0.12 

33 

49 

0.16 

7.6 

4.3 

2.162 

4,689 

67 

23 

6.3 

22 

5.1 

6.4 

6.29 

1.2 

3.0 

3.0 

3.6 

0.54' 

0.45 

0.038 

0.80 

0.38 

1.2 

DBtTftulion 

Lognomul 

Lognonnai 

Lognomul 

Lognonnai 

Lognomul 

Lognoimil 

U ^ n o m u l 

Lognomul 

Lognomul 

• Lognomul 

Lognomul 

Lognomul 

Lognomul 

Lognonnai 

lognonnai 

Lognormal 

Lognoimal 

Lognormal 

Lognoimal 

Lognonnai 

Lognonnai 

Lognormal 

Lognormal 

Lognomul 

Lognoimal 

Lognornial 

Lognonnai 

Lognoimal 

Lognomul 

Lognonnai 

Lognormal 

Lognoimal 

Lognonnai 

Logixmnal 

Lognonnai 

Lognoimal 

Lognoimal 

Lognotmal 

Lognoimal 

Lognonnai 

Lognoimal 

95% UCL of 

Ar i tKMean' 

9.028 

0.61 

3.7 

69 

2.6 

63,808 

7.2 

20 

I I 

9.3 

14,173 

45 

22.303 

948 

013 

23 

7,273 

0.96 

6,834 

0.33 

12 

40 

0.28 

077 

0.62 

64 

23,257 

7.2 

0.81 

1.2 

2.3 

0.86 

I I 

0.19 

29 

665 

602 

258 

36 

0.43 

0.26 

0.43 

0.35 

2.1 

Exposure 

Poinl 

Concentraiion' 

9,028 

0.61 

3.7 

69 

2.6 

63,808 

7.2 

20 

I I 

9 3 

14,173 

45 

22,303 

948 

0.13 

23 

7,273 

0.96 

6334 

0.53 

12 

40 

0.28 

0.77 

0.62 

64 

23,237 

7.2 

0.81 

1.2 

2.3 

0.86 

I I 

0.19 

0.017 » 

0.040 « 

0.15 « 

0.028 « 

0.035 # 

0.43 

0.26 

0.43 

0.33 

0.49 9 

2 x B K 

Mean' 

1,487 

--
2.4 

36 

46,406 

I I 

9.0 

3,409 

3.7 

20,413 

112 

--

10,226 

2.4 

6,651 

.-
12 

61 

.-

--

-• 
- • 

-. 

-• 
--

--

- • 

--

--

--
--

Background 

Comparisori 

(CEBIANOVAI 

(CEBl 

(CEBIANOVAI 

ICEBIANOVA) 

ICEB) 

(CEBIANOVAI 

(CEBIANOVA) 

(CEBJ 

(CEBIANOVA) 

ICEB) 

(CEBIANOVAI 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

ICEBl 

(CEB) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(CED) 

ICEBIANOVA) 

(CEBIANOVA) 

(CEB) 

(CEB) 

(CEB) 

ICEB) 

(CEB) 

ICEB) 

(CEB) 

(CEB) 

ICEB) 

ICED) 

ICEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

[CEB) 

(CED) 

ICEB) 

(CEB) 

So 
S 
c 
a-

t 
to 



Table 4-6. Summary Statigtlei and Exposure Point Concentrations for Groundwaier at Main Industrial Area • Main Industrial Area (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

RunTime: 7:13:38 PM 

Run Dale: 3/29/99 

Exposure IWt : G W B I W D I 

Panmelec 

Cyclotetramethyleneietranitramine 

Dibena>(a,h)anthncene 

Elhylbeniene 

Fhioranthene 

Uideno(l,2J-cxl)pyrtne 

Methylenechloride 

MetliyteUiylletone 

Naphthalene 

NitmbenJene 

Pentachtorophenol 

Phenanlhrene 

Phenol 

P)TOW 

RDX 

Tcti>l 

Toluene 

Xylene 

TricWotoethcne 

Vinylchloride 

bis(2-ElhyOiexyl)phlhaUie 

nt-Nitrotoluenc 

p-Nltrotoluene 

Units 

MSrt. 

Mgrt. 

Mgrt. 

Mgrt. 

Mgrt. 

pert. 

Mert. 
Mgrt. 

Mgrt. 

Mgrt. 

M ^ 

Mgrt. 

MBrt. 

Mgrt 

Mgrt. 

Mgrt. 

Mgrt. 

Mgrt. 

Mgrt. 

Mgrt, 

MBrt-

Mgrt, 

Mgrt. 

Mgrt. 

Proponion of Detects 

Al l Samples' 

22 

13 

11 

I I 

22 

/ 166 

/ 93 

/ 97 

/ 97 

/ 93 

/ 97 

/ 97 

/ 97 

/ 97 

/ 166 

/ 91 

/ 97 

/ 97 

/ 97 

/ 166 

/ 166 

/ 97 

/ 97 

/ 97 

/ 97 

/ 97 

/ 166 

/ 166 

/ 166 

PropotKn OfDeiecls 

TemponI I t Spatial 

Samples' 

3 

2 

1 

19 

12 

2 

1 

1 

7 

6 

6 

2 

11 

6 

3 

1 

21 

1 

2 

1 

5 

1 

7 

2 

/ 90 

/ 76 

/ 76 

/ 76 

/ 76 

/ 76 

/ 76 

/ 76 

/ 76 

/ 90 

/ 76 

/ 76 

/ 76 

/ 76 

/ 90 

/ 90 

/ 76 

/ 76 

/ 76 

/ 76 

/ 76 

/ 90 

/ 90 

/ 90 

Frequency 

OfDeteclion' 

3% 

3% 

1 % 

25% 

16% 

3% 

1 % 

1 % 

9% 

7% 

8% 

3% 

14% 

8 H 

3% 

1 % 

28% 

1 % 

3% 

1 % 

7% 

1 % 

8% 

2% 

NonDetects 

Mm CRL' 

1.2 

0.0025 

0.50 

0.0034 

00025 

2.3 

6.4 

3.0 

0.50 

0.65 

1.2 

0.072 

9.2 

0.028 

1.2 

1.6 

0.50 

084 

0.50 

2.6 

4.5 

1.4 

0.41 

l. l 

MaxCRL' 

12 

60 

0.50 

30 

90 

4.7 

6.4 

30 

5.0 

6.4 

200 

5.0 

90 

30 

97 

16 

7.6 

0.84 

0.50 

2.6 

70 

12 

4.1 

11 

Delecis 

Minimum 

2.3 

0.0039 

20 

0.0034 

0.0029 

2.4 

130 

15 

1.5 

1.0 

1.4 

0.27 

18 

0.045 

2.9 

14 

0.30 

4.5 

0.75 

3.5 

5.6 

4.2 

0.49 

3.2 

Maximum 

10 

0.0064 

20 

0.054 

0.036 

2.5 

130 

15 

41 . 

32 

I I 

l . l 

52 

1.6 

24 

14 

6.4 

4.5 

1.3 

3.3 

51 

4.2 

60 

24 

Arithmetic 

Mean* 

0.87 

1.5 

0.38 

0.82 

2.1 

12 

4.9 

1.9 

L l 

1.1 

5.4 

0.17 

8.6 

0.76 

0.99' 

1.2 

0.62 

0.43 

027 

1.3 

6.3 

0 9 0 

0.62 

0.87 

Standard 

Deviation' 

0.87 

3.6 

l . l 

1.8 

5.4 

0.26 

15 

2.2 

4.7 

3.7 

12 

0.31 

I I 

1.8 

1.9 

1.2 

0.64 

0.23 

0.12 

0.25 

8.7 

0.63 

3.1 

1.3 

Distribution' 

Lognoimal 

Lognonnai 

Lognonnai 

Lognoimal 

Lognotmal 

lAgnoimal 

Lognonnai 

Lognotmal 

Lognomial 

Lognormal 

Lognonnai 

Lognonnai 

Lognonnai 

Lognormal 

Lognonnai 

Lopioimal 

Lognomul 

Lognoimal 

Lognormal 

Lognonnai 

Lognonnai 

Lognonnai 

95% UCL o f 

Arilh. Mean' 

0.90 

370 

0.31 

41 

631 

1.3 

4.0 

1.8 

0.72 

0.80 

8.0 

0.20 

8.9 

4.2 

0.93 

1.2 

0.69 

0.46 

0.28 

L4 

6.6 

0.94 

0.38 

0.86 

Exposure 

Point 2 1 BK BacVground 

Concentration' Mean' Compartsoi^ 

0.90 

0.0064 » 

0.31 

0.034 H 

0.036 H 

13 

4.0 

I.B 

0.72 

0.80 

8.0 

0.20 

8.9 

1.6 « 

0.93 

1.2 

0.69 

0.46 

0.28 

1.4 

6 6 

0.94 

0.38 

0.86 

(CED) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

ICED) 

(CEB) 

(CEBl 

(CEBl 

(CEBl 

(CEB) 

(CEB) 

(CEB) 

ICED) 

(CEB) 

ICED) 

ICEBl 

(CEB) 

(CEB) 

ICEB) 

(CEB) 

ICEB) 

* For the "Troponion o f Detects - AO Samples" oohimn, countt were based on the unaveraged data set. 

' For the'Tnipoit ian o f Detecu - Tcmiwn l and Spatial Samples* and the "Frequency o f Detection* cohimm, counts were based on Ihe averaged data sel ( e g , groundwater samples 

*CRL - contract repotting limit. 

' Nondetectt were trealed as one-half Ihe detection limil fai the calculation ofthe she and background (BK) aridunetic means, slandanl deviation, and 95% upper conMence limit (UCL). 

' Distributions Ibr the calculation ofexposure point concentrations (EPCs): I ) Iffewer than 4 samples are available bi Ihe site dala set, TMetennlned" is indicaled and the 95%UCL a cafculated based on a lognonnai distribulioa 2) I f lhe nonnal 

goodness-of-lil lesl coeRicitnl is p a t a than Ihe critical vahic, Ihe distribution is nonnal 3) I f lhe lognonnai goodnccs-oFlil tesl ooeilicient b greater than Ihe critical vahie, Ihe distribution a lognonnai. 4) Ifneilher ofthe goodness-of-fit 

lesl coeRtcienB is greater Ihan the criiical vahit, lhe distribulian b assumed I D be lognoimal. 

' Tht EPC K the 95% UCL o f the arithmetic mean wilh 2 exceptions: I f lhe 95% UCL exceeds Ihe maximum delected vahie (denoted by a " * " nexl to the EPC) or Ihe aite dau set contains fewer than 4 samples, the maximum delected value is subsliniled as Ihe EPC. 

' C E B (chemtcai exceeding background) - Ihe maximum delecied resull is greater Ihan or equal to Iwo times Ihe background mean; bk (bactgniond) - Ihe maxunum detected resull is less than two lines Ihe backgnund mean; ANOVA - analysis o f variance 

determines Ihat Ihe site and badtpotind data sets come from the same popubtlon. 

• * Not applicable (note: background comparison not conducted for organic compounds) 
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Results of Field Investigations 

Maximum Cont^ntratlons* | 
Analyte 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Hexavalent Chromium 
Iron 
Lead 
Magnesium 
Manqanese 
Mercury 

Nickel 
Potassium 
Selenium 
Sodium 
Thallium 
Vanadium 
Znc 

ug/L 1 
76,700 [ 

3.04 

200 
1,430 
6.83 

750,000 
92.6 
155 
891 
20 

163,000 
65,000 
233,000 
6,420 
0.506 
138 

94,700 
3.66 

83,500 
1.43 
227 
347 

* Metals also determined to exceed bKkground based on 

ANOVA evaluation are shown In bold. 

1.43 ^g/L), vanadium (8.2 to 227 jig/L), and zinc 
K^,^ (22.6 to 347 ng/L). Maximum inorganics concen

trations were detected in wells GW-03-003, D-7B, P-5, 
GW-18-003, P-44, and D-10. Concentrations of 
nutrient metals that were detected in the Area B wells 
and exceeded background included calcium (570 to 
750,000 |iig/L), magnesium (514 to 233,000 Mg/L), 
potassium (481 to 94,700 ng/L), and sodium (1,140 to 
83,500 Mg/L). 

Consistent with the dissolution of limestone 
and dolomite from the site aquifer, calcium and 
magnesium concentrations show a strong positive 
correlation to each other in the groundwater. Extensive 
natural sources of trace metals concentrations are , 
available from geologic formations within the Alabama 
Valley and Ridge Province in Talladega County 
(Rheams 1992). Mining-grade ores and minerals occur 
extensively in the undifferentiated Knox Group rocks 
and residuum, including bauxite and kaolin (aluminum 
source), limonite and ocher (iron ore), manganese and 

[^j^ cobalt-bearing manganese deposits, barite (BaS04) mineralization (barium source), galena (PbS) 
and sphalerite (ZnS) mineralization (Rheams 1992). 

Lead concentrations were widely detected (73 percent frequency of detection) in 
groundwater underlying Area B. The spatial distribution of lead in groundwater (Figure 4-12) is 
closely related to the observed distribution of explosives compounds detected in the groundwater, 
suggesting a common source. Detected lead concentrations extend from the southem portion of 
ALAAP in the vicinity of Study Areas 17 and 18 toward well P-10 at Study Area 6. The highest 
lead concentration (65,000 Mg/L) was detected at GW-18-003 during the May 1995 sampling 

. round. Based on a comparison of filtered and unfiltered sample analyses, lead (and metals 
concentrations in general) typically were reduced by field filtration (0.45M filter). These results 
indicate that elevated trace metal concentrations may have been enhanced by acid preservation 
(pH <2) of turbid samples. Lead concentrations in bedrock wells monitoring the Area B 
Industrial/Storage Area ranged from 4.35 to 94.2 Mg/L, exceeding the EPA action level for lead at 
the tap (15 Mg/L) at wells D-7B (94.2 Mg/L, GW-20-001BR (25.8 Mg/L), and D-6 (17 Mg/L). The 
elevated concentrations were not reproduced by multiple samplings conducted at these wells. 
Arsenic concentrations that exceed backgound levels were detected in bedrock (D-6, D-7B, D-9, 
D-10, D-ll, D-13, and GW-20-01BR) ahd soil wells (P-5, P-10, P-14, P-17, P-35, P-36, P-51, 
P-66, P-82, GW-02-003, GW-03-001, GW-03-003, GW-04-003, GW-17-003, GW-18-003, and 
GW-21-002). The highest arsenic concentration in groundwater (200 Mg/L at well D-7B) was 

{ ) associated with a turbid sample and was not verified by subsequent sampling in May 1995. 
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Results of Field Investigations 
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Results of Field Investigations 

c 

c 

Maximum Concentrations | 
Analyte 

2,4-DNT 
2,6-DNT 
2-A4,6-DNT 
4-A-2,6- DNT 
TNT 
Nilrobenzene 
I.JONB 
1,3,5-TNB 
HMX 
RDX 
Tetrvl 
m-Nitrotoluene 
c^-Nltrotoluene 
p-Nitrotoluene 

Mg/L 
49,000 
1,700 
230 
220 

26,000 
32.3 
81 
93 

10.1 
24.1 
13.8 
4.18 
60 

23.7 

Explosives—The primary constituents 
impacting groundwater quality underlying Area B are 
the DNTs and TNT and their derivatives. The 
maximum concentrations of explosives compounds 
detected in the groundwater within the Area B 
Industrial/Storage Area are noted in the adjacent box. 
2,4-DNT (0.0816 to 49,000 Mg/L) was the most widely 
detected explosives compound in Area B groundwater, 
with concentrations occurring at Study Areas 17 and 18 
and extending downgradient toward Study Area 6 
(Figure 4-13). The following explosives compounds 
also were detected in the groundwater within Area B: 
2,6-DNT (0.0756 to 1,700 Mg/L), 2-A-4,6-DNT 
(0.168 to 230 Mg/L), 4-amino-2,6-DNT (4-A-2,6-DNT) (1.4 to 220 Mg/L), TNT (0.712 to 
26,000 Mg/L), nitrobenzene (1.01 to 32.3 Mg/L), 1,3-dinitrobenzene (1,3-DNB) (1.04 to 81 Mg/L), 
1,3,5-trinitrobenzene (1,3,5-TNB) (0.461 to 93 Mg/L), cyclotetramethylenetetranitramine (HMX) 
(2.33 to 10.1 Mg/L), cyclotrimethylenetrinitramine (RDX) (2.94 to 24.1 Mg/L), tetryl (13.8 Mg/L), 
m-nitrotoluene (4.18 Mg/L), o-nitrotoluene (0.494 to 60 Mg/L), and p-nitrotoluene (3.15 to 
23.7 Mg/L). The maximum concentrations of explosives compounds were detected in wells P-10, 
P-11, P-17, P-44, D-9, GW-04-001, GW-04-02BR, and GW-17-006. Wells P-10, P-11 P-17, and 
P-44 are associated with Study Areas 6, 7, 9, and 27. Well D-9 is associated with Study Areas 5 
and 21, upgradient well GW-17-006 is associated with Study Area 17, and downgradient well 
GW-04-001 is at the westem boundary ofthe facility. The spatial distribution ofthe compounds 
2,6-DNT and TNT are closely related to the observed distribution of 2,4-DNT, although these 
compounds were detected at lower concentrations in the northem portion of Area B (Figures 4-14 
and 4-15). The TNT breakdown products, 2-A-4,6-DNT and 4-A-2,6-DNT, were distributed within 
the TNT detection area wath elevated concentrations detected in the southem portion of Study 
Areas 17 and 18, and the highest concentrations.(220 to 230 Mg/L) detected in well P-10 at Study 
Area 6. 

c 

VolatUe Organic Compounds—VOCs 
typically were detected in fewer than 10 percent (and in 
many cases fewer than 5 percent) of the environmental 
samples analyzed from Area B (see Table 4-6). The 
maximum concentrations of VOCs detected in the 
groimdwater within the Area B Industrial/Storage Area 
are shown in the adjacent box. The detected VOCs 
included acetone (15 to 44 Mg/L), carbon disulflde 
(0.85 Mg/L), carbon tetrachloride (0.81 to 6.4 Mg'L), 
chloroform (0.52 to 5.1 Mg/L), ethylbenzene (20 Mg/L), 
methylene chloride (2.4 to 2.5 Mg/L) MEK (130 Mg/L), 

Maximum Concentrations | 
Analyte 

Acelone 
Cartnn disulfide 
Cartion tetrachloride 
Chloroform 
Ethylbenzene 
Methylene chloride 
MEK 
Toluene 
1,1,1-TCA 
TCE 
Vinyl chloride 
Xylene 

Mfl/L 
44 

0.85 
6.4 
5.1 
20 
2.5 
130 
6.4 
2.6 
1.3 
3.5 
4.5 
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Results of Field Investigations 
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Results of Field Investigations 
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Results of Field Investigations 
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Results of Field Investigations 

toluene (0.5 to 6.4 Mg/L), 1,1,1-trichloroethane (TCA) (1.8 to.2.6 Mg/L), TCE (0.75 to 1.3 Mg/L), 
' \ ^ vinyl chloride (3.5 Mg/L), and xylene (4.5 Mg/L). Toluene, acetone, and chloroform also were 

detected in QA/QC blank samples and are not indicative of mission-related environmental 
contamination in groundwater in Area B. The maximum concentrations of VOCs in Area B 
groundwater were detected in bedrock wells D-7B, D-9, and D-15 and soil wells P-13, P-52, P-60, 
P-61, and GW-06-001. The wells are located predominantly in the westem portiori of Area B 
downgradient from Study Areas 3, 5, 6, 7, 8, and 27, with the exception of well D-15, which is 
locateddowrigradientof Study Area 17: : • ' ' ' ' " • ' ' 

SemivolatUe Organic Compounds—Phenolic, 
phthalate, and PAH SVOCs were detected in the Area 
B groimdwater, and are noted in the adjacent box. 
PAHs were detected in 1 to 20 percent ofthe analyzed 
samples based on a minimum of 64 samples. The 
detected compbunds consisted of acenaphthylene 
(1.4 to 45 Mg/L), anthracene (0.12 to 0.75 Mg/L), 
benzo(a)antiiracene (0.0016 to 0.017 Mg/L), benzo(a)-
pyrene (0.0014 to 0.04 Mg/L), ben2o(b)fluoranthene 
(0.0018 to 0.15 Mg/L), benzo(g,h,i)perylene (0.004 to 
0.028 Mg/L), benzo(k)fluoranthene (0.00054 to 
0.035 Mg/L), benzyl alcohol (2.7 Mg/L), B2EHP (5.6 to 
51 Mg/L), chrysene (0.13 to 0.49 Mg/L), dibenzo(a,h)-
anthracene (0.0039 to 0.0064 Mg/L), fluoranthene 
(0.0034 to 0.054 Mg/L), indeno(l,2,3-cd)pyrene 
(0.0029 to 0.036 Mg/L), 2-methylnaphthalene (15 to 
53 Mg/L), naphthalerie (1.5 to 41 Mg/L); 
N-Nitrosodiphenylamine (15 Mg/L), PCP (1.35 to 
10.7 Mg/L),'phenanthrene (0.27 to 1.1 Mg/L), phenol (18 to 52 Mg/L), and pyrene (0.045 to 
1.6 Mg/L)- The maximum SVOC concentrations were detected predominantly in well P-10 (Study 
Area 6) and in wells P-17, P-44, D-4, D-7B, D-ll, and GW-08-02BR located in the vicinity of 
Study Areas 7, 8,9, and 27. 

.: Maximum Concentrations | 
. Analyte 

Acenaphthylene 
Anthracene " • i ' • -. : 
Benzolalanthracene 
Benzo(a)pyrene 
Benzo(b)fluorahthene 
Benzo(g,h,l)perylene 
Benzo(k)fluoranthene 
Benzyl alcohol: 
B2EHP 
Chrysene 

DJbenzo(a,hJanthraoene 
Fluoranthene 

Indenoll ,2,3-cd)pyrene 
2-Methylnapthalene 
Naphthalene . . 
N-Nltrosodlphenylamlne 
PCP 
Phenanthrene 
Phenol 
Pyrene 

van. 
45 

0.75. 
0.017 
0.04 

0.15 
0.028 
0.035 

. 2.7 
51 

0.49 
0.0064 
0.054 

0.036 
53 

.41 
15 

10.7 
' 1.1 

52 
1.6 

^ 

Summary—The areal distribution of explosives • compounds and lead in groundwater 
imderlying the Industrial/Storage Area of Area B suggests that multiple chernical sources may be 
affecting groundwater quality at the installation. A predominant source area may be located in the 
vicinity of the-former blending, shippirig, and storage areas located in the southem portion of 
ALAAP in the vicinity of Study Areas 17 and 18. Inorganic constituent concentrations that exceed 
background, and organic chemical constituents that are used to characterize the nature and extent of 
impacted groundwater underlying Area B include the following: i 

• Lead (1.02 to 65,000 Mg/L) 
• 2,4-DNT (0.08 to 49,000 Mg/L) 
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Results of Field Investigations 

• TNT (0.71 to 26,000 Mg/L) 
, • 2 , 6 - D N T (0.08 to 1,700 Mg/L) 

• 2-A-4,6-DNT(0.17to230Mg/L) 
• 4-A-2,6-DNT(1.4to220Mg/L). 

4.4.2.2 Study Areas 16,19, and 22 Groundwater Quality 

Groundwater quality underlying Study Areas 16, 19, and 22 east of the inferred groundwater 
divide is affected by concentrations of organic and inorganic chemical constituents. Data summary 
tables for groimdwater data are presented in Appendix K. Table 4-7 summarizes the compounds 
and elements detected in groundwater samples analyzed between January and May 1995. The 
results for select chemicals (TNT, 2,4-DNT, 2,6-DNT, and lead) detected during the Phase 1,2, and 
3 groundwater sampling events are shown on Sheets 4-1 through 4-4. 

Meto/s-^Inorganic concentrations of 
aluminum (143 to 5,340 Mg/L), barium (5.69 to 
49.8 Mg/L), cobalt (42 Mg/L), copper (8.25 to 
22.6 Mg/L), iron (46.6 to 10,300 Mg/L), lead (1.02 to 
240 Mg/L), manganese (3.85 to 1,030 Mg/L), nickel 
(9.57 to 11.8 Mg/L), potassium (469 to 24,700 Mg/L), 
sodium (1,010 to 8,470 Mg/L), vanadium (4.8 to 
12.5 Mg/L), and zinc (24.1 to 80.5 Mg/L) were detected 
at concentrations exceeding background. The 
maximum concentrations of metals detected above 
background are shown in the adjacent box. Lead 
concentrations in bedrock groundwater ranged from 
1.41 to 24.7 Mg/L. Lead concentrations that exceeded 
background were detected in wells D-17, D-18, D-19, P-26, P-68, P-69, GW-16-005, GW-16-006, 
and GW-16-007. The maximum lead concentration in groundwater vvas detected in well 
GW-16-006 (240 Mg/L). 

Maximum Concentrations* | 
Analyte 

Aluminum 
Barium 

Cobalt 
Copper 
Iron 

Lead 

Manqanese 
Nickel 
Potassium 
Sodium 
Vanadium 
Znc 

Pfl/L 
5,340 
49.8 
42 

22.6 
10,300 

240 
1,030 
11.8 

24,700 
8,470 
12.5 
80.5 

* Metals also detemnined to exceed background based on 
ANOVA evaluation are shown in bold 

Explosives—The most widely detected 
explosive compounds detected in Study Areas 16, 19, 
and 22 are 2,4-DNT (0.0826 to 470 Mg/L), 2,6-DNT 
(0.13 to 9.34 Mg/L), and TNT (0.933 to 650 Mg/L). The 
maximum concentrations are shown in the adjacent 
box. Isolated concentrations of explosives-related 
compounds, including 1,3,5-TNB (1.71 Mg/L), 
2-A-4,6-DNT (0.28 to 3.6 Mg/L), 4-A-2,6-DNT 
(6.41 Mg/L), and RDX (1.53 Mg/L), were sparsely 

Maximum Concentrations | 
Analyte 

2,4-DNT 
2,6-DNT 
2-A-4,6-DNT 
4-A-2,6-DNT 
1,3,5-TNB 
TNT 
RDX 

pnn. 
470 
9.34 
3.6 
6.41 
1.71 
650 
1.53 
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c 
Table 4-7. Summary Stallitlcs and Expoaure Point Concentrations for Groundwater at Study Areas 16/19 - Study Areas 16/19 

Alabama Army Ammunition Plant, Childersburg, Alabama 

RunTime: 6 :S8 :«PM 

Run Dale: 3/19/99 

Exposure Unil: G W A I W D I 

Panmeier 

Aluminuni 

A n a i c 

Banum 

Cafcium 

Claauium 

Calal l 

Coppcr 

[ron 

L a d 

MasKsium 

Manganeae 

Nickd 

Selenium 

Sodium 

Vanadium 

Zinc 

1,1.1-Trichloroelhane 

2.4,t.Triniln]toltiene 

2,4.Dinitro(otuene 

},6-Dinitrololiicne 

4-Amino-2,6-Dinitn>tahiene 

Acetone 

Benni(a)P>Tene 

BensXgXilpei j fcne 

Benzyl Alcohol 

Fhionnlhene 

Indenod.2,3Hxl)pyraie 

NapMil lene 

Penlachlorophenol 

Phenol 

RDX 

Tohiene 

Xylene 

bis(2-ElhyIhexyl)phlhable 

di-N-Butyl PMiahle 

Unils 

Mgt-

f t / l . 

I l t / L 

Mgrt-
Mg/L 

lig/L 

fSO. 

H g t 

f in . 
i igf l . 

vt/i-
Hg/L 

ftn-
U / i -

l iS / l 

M»l-

f l / l -

pgO. 

MSrt-

MSt-

Ht/L 

ftn. 
M ^ 

IHO. 

MSrt. 

MJ/L 

\n/i. 
HSt. 

(Ig/L 

M t -

M g t 

P f l . 

V t / l -

pg/L 

pg/L 

pgf l . 

p B t 

pg/L 

pgrt-
pg/L 

AD Samples' 

18 / 2 ) 

10 / 23 

2) / 2J 

21 / 23 

3 / 23 

1 / 23 

3 / 23 

22 / 23 

27 / 35 

9 / 23 

22 / 23 

3 / 2 3 

14 / 23 

1 / 23 

16 / 23 

6 / 23 

10 / 23 

1 / 15 

1 / 35 

9 / 35 

20 . / 35 

10 / 35 

4 / 33 

1 / 33 

1 / 15 

1 / 18 

1 / 18 

2 / 18 

2 / IS 

3 / 1 8 

2 / 1 8 

2 / 1 8 

. 1 / 1 8 

1 / 18 

6 / 18 

1 / 3 5 

2 / 15 

1 / 15 

2 / 18 

1 / 18 

Piopoftion of Delects 

Temporal A Spatial 

S a n » b ' 

14 / 16 

10 / 16 

16 / 16 

14 / 16 

3 / 16 

1 / 16 

2 / 16 

16 / 16 

13 / 16 

7 / 16 

15 / 16 

3 / 16 

I I / 16 

.1 / 16 

10 / 16 

6 / 16 

9 / 16 

1 / 10 

1 / 16 

6 / 16 

11 / 16 

6 / 16 

2 / 16 

1 / 16 

l / I O 

1 / 12 

1 / 12 

- 2 / 1 2 

2 / 1 2 

• 3 / 1 2 

2 / 1 2 

2 / 1 2 

1 / 12 

1 / 12 

5 / 12 

1 / 16 

2 / 10 

1 / 10 

2 / 12 

1 / 1 2 

Frequency 

o f Deteaion' 

B8K 

63% 

100% 

88% 

19% 

6% 

13% 

100% 

94% 

44% 

94% 

19% 

69% 

6% 

63% 

3X% 

56% 

10% 

6% 

38% 

69% 

38% 

13% 

6% 

10% 

8% 

8% 

17% 

17% 

25% 

17% 

17% 

8% 

8% 

42% 

6% 

20% 

10% 

I7%-

8% 

NonDctccB 

M i l CRL* 

141 

1.00 

--
IOOO 

6.0 

25 

5.0 

- - • . 

1.00 

500 

2.8 

7.1 

375 

1.00 

2.290 

4.7 

21 

050 

0.45 

064 

O064 

0.074 

016 

1.6 

13 

0.0013 

0.0016 

0.0040 

000044 

0.72 

0.0034 

O0025 

0.50 

1.2 

9.2 

1.2 

0.50 

0.84 

4.8 

3.7 

MaxCRL' 

141 

1.00 

--
IOOO 

7.0 

50 

8.1 

--
1.3 

IOOO 

2.8 

34 

1/ao 
2.0 

2.290 

I I 

36 

OSO 

045 

0.64 

0.27 

0.074 

0.16 

1.6 

18 

4.7 

5.4 

6.1 

0.87 

0.72 

3.3 

8.6 

0.90 

18 

9.2 

1.2 

2.2 

084 

• 35 

3.7 

Detects 

143 

l . l 

5.7 

l /HO 

7.4 

42 

8.3 

47 

1.0 

784 

3.9 

9.6 

469 

1.0 

1,010 

4.8 

24 

2.4 

1.7 

0.93 

0.083 

0.13 

0 2 8 

6.4 

22 

0.0017 

0.0024 

O0067 

0.00048 

0.89 

0.0040 

0.0094 

1.3 

2.4 

IB 

1.5 

0.62 

1.3 

70 -

5 4 

Maximum 

5,340 

2.2 

50 

26,900 

8.8 

42 

23 

10,300 

240 

17.000 

1.030 

12 

24.700 

1.0 

8,470 

13 

81 

2.4 

1.7 

650 

470 

9.3 

3.6 

6,4 

22 

0.0017 

0.0O24 

0.017 

0.0020 

1.9 

0.0067 

00095 

1.3 

2.4 

180 

; I S 

3.3 

1.3 

' 88 

5.4 

Anthmetic 

Mean' 

1,397 

l. l 

15 

6,808 

4.0 

20 

4.2 

1,976 

10 

3.987 

158 

13 

3.115 

072 

1.902 

5.8 

28 

032 

0 2 6 

29 

27 

031 

0.20 

0.90 

7.7 

059 

068 

076 

O.l l 

0 5 6 

0.41 

l. l 

0.44 

3.6 

29 

0.60 

0.49 

0.46 

12 

2.0 

Standanl 

Deviation' 

1.352 

056 

10 

7,852 

1.8 

8.5 

2.6 

1,986 

20 

5.777 

252 

5.6 

6.086 

0.24 

1.811 

1.8 

19 

023 

012 

111 

81 

088 

045 

047 

2.5 

094 

l.l 

1.2 

017 

046 

066 

1.7 

016 

3.3 

42 

0.079 

048 

014 

15 

051 

Dtstfibulion 

Nonnal 

Nomu l 

Lognonnil 

Lognoimal 

Lognotmal 

Lognotmal 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognomul 

Lognomul 

Lognomul 

Lognomul 

Lognonnai 

Lognonnai 

Lognotmal 

Lognormal 

Lognomul 

Lognormal 

Lognonnai 

Lognotmal 

Loffioimal 

Lognotmal 

Lognotmal 

Lognormal 

Lognotmal 

Lognotmal 

Lognoimal 

Lognotmal 

Lognotmal 

Lognotmal 

Lognonnai 

Lognonnai 

Lognotmal 

Lognomul 

Lognomul 

95% UCL o f 

Arith. Mean' 

1,989 

1.3 

18 

21,413 

4.6 

24 

5.3 

I 3J50 

29 

19.532 

2,199 

19 

7.323 

085 

2.39* 

6.9 

36 

042 

0 2 9 

36 

16,070 

051 

023 

1.0 

9.0 

479,943 

408,279 

20.247 

6.792 

0.77 

3,168 

81,131 

0.53 

14 

120 

0.63 

O80 

053 

27 

2.2 

Exposure 

Point 

Concctitntion 

1.989 

1.3 

18 

21,413 

4.6 

24 

5.3 

10,300 # 

29 

17.000 « 

1.030 » 

12 » 

7.323 

0.85 

2.396 

6.9 

36 

042 

0.29 

36 

470 « 

0.51 

023 

1.0 

9.0 

0.0017 « 

0.0024 « 

0.017 • 

O0020 # 

0.77 

0.0067 H 

0.0095 • 

053 

2.4 » 

120 

0.63 

080 

0.53 

27 

2.2 

2 x B K 

M e a n ' . 

1,487 

2.4 

36 

46,406 

11 

--
9.0 

3.409 

3.7 

20.413 

112 

10.226 

2.4 

6.651 

12 

61 

--
.-

--

.. 

--
--
--

Bacicground 

Compaiisoi^ 

(CEBIANOVA) 

Ibk) 

(CEBIANOVA) 

(bk) 

(bk) 

(CEB) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEB) 

(bk) 

(CEBIANOVA) 

(CEB) 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

ICEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

ICEB) 

ICEB) 

(CEB) 

ICEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

:!! 

t 
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Table 4-7. Summary Statistics and Exposure Point Concentrations for Groundwater at Study Areas 16/19 - Study Areas 16/19 (Continued) 

Alabama Army Ammunition Plant, Childersburg, Alabama -

Run Time: 6:58:46 PM 

Run Da t r 3/29/99 

Exposure UnU: G W A I W D I 

Units 

Proponkm o f Detects Proportion of Detects Exposure 

Atl Simples* Temporal A Spitial Fnquency NonDetects Detects Arithmetic Sttndanl 95% UCL o f Point 2 x BK Background 

Samptei^ o f Detedion^ MinCRL* MaxCRL* Minimum Maxfaniim Meari* Deviation'' Distribution* Ar i th Mean* Concentrition' Meari* Compafisot^ 

* For Ihe "Proportion o f Detects • A l Samples" column, counts w e n based on the unaveraged dala set 

* For Ihe "Proportion o f Detects* Temporal and Spatial Sampks" and the "Frequency o f Detection" columns, counts were based on the averaged data set (eg., groundwater samples from the same weQ were averaged). 

*CRL • contrBct reporting limit. 

* Nondetects were treated as ore-half Ihe <letection limit tn the calculation of ihe site and background (BK) arilhmetic means, i t indtrd deviation, and 95% upper confidence IhnH (UCL). 

* Distributions Ibr Ihe calculation ofexposure point concentrations (EPCs): I ) I f ftwer than 4 umples are available in the site data sel. TMetefmlned" is bidtcated and the 95%UCL is calcutated based on a lognormal distribulioa 2) I f lhe normal 

goodness-o^fil test coefficieni is p ta ler than Ihe ait ical value, the distiftnition b normal. 3) I f tfv lognormal goodness-oFfil tesl coefficient is greater thin the critical value, the distribution is lognonnai. 4) Ifneither of ihe goodness-of-fit 

test coefficients is greater than the critical vahie, the dbtiibution b assumed to be bgnormaL 

' The EPC B the 95% UCL ofthe arithmetic mean with 2 exceptions: i f the 95% UCL exceeds dw maximum detected vahie (denoted by a ' I t ' next to the EPC) or the l i tc data set contains fewer than 4 umples, the maximum detected vahie b substituted as the EPC. 

' C E B (chemica] exceeding background) - the maximum detected resutt b greater than or equal to two tbnes the backpound mean; bk (liackground) - the maximum detected result b less than Iwo limes the background mean; ANOVA - analysts o f variance 

determines thai the site and background data seta come from the same population. 

- • Not applicable (note: background comparison not conducted for organic compounds) So 

•a, 

I-
a. 
ai 
V) 

c c c 



Results of Field Investigations. .. 

W 

Maximum Concentrations j 
Analyte 

Acetone 
Toluene 
1,1,1-TCA 
Xylene 

Mfl/L 
22 
3.3 : -
2.4 
1.3 

detected with the maximum concentrations occurring in well GW-BK-001. The explosives 
{ ^ compounds were detected primarily in the southwestem comer of Study Area 16 (wells D-16, P-26, 

and P-68) and west of Study Area 16 (GW-16-002, GW-16-005, GW-16-006, GW-16-007, and 
P-69) surrounding a pronounced sinkhole. The highest explosives concentrations were detected 
sporadically in isolated wells located east of Study Areas 16 and 19 (well P-70) and around Stiidy 
Area 22 (wells GW-22-001 and GW-BK-001). 

VolatUe Organic Confounds—VOCs were 
sparsely detected in the groundwater underlying Study 
Areas 16, 19, and 22. The maximum concentrations of 
VOCs detected in the groundwater east of the inferred 
groundwater divide are shown m the adjacent box. 
Isolated concentrations of acetone (22 ^g/L), toluene 
(0.62 to 3.3 ^g/L), 1,Y,1-TCA (2.4 ^g/L), and xylene 
(1.3 ng/L) were detected in wells D-16, P-68, and P-70. 

SemivolatUe Organic Compounds—Benzyl 
alcohol (0.89 to 1.9 ng/L); B2EHP (70 to 88 ^g/L); 
di-N-butyl phthalate (5.4 ^g/L); PCP (2.36 ng/L); 
phenol (18 to 180 ^g/L); arid the PAHs benzo(a)pyrene 
(0.0017 ng/L), benzo(b)fliioraiithene (0.0024 ng/L), 
benzo(g,h,i)p,erylene (0.0067 to 0.017 ng/L), benzo(k)-
fluoranthene (0.00048 to 0.002 ng/L), fluoranthene 
(0.004 to 0.0067 ng/L), indeno(l,2,3-cd)pyrene 
(0.0094 to 0.0095 ng/L), and naphthalene (1.3 ng/L) 
were detected in the groundwater. The maximum 
SVOC concentrations shown in the adjacent box were 
variably detected in wells D-16, D-19, P-26, P-68, 
P-70, and GW-BK-OGl.; 

Maximum Concentrations | 
Analyte 

Benzofalpyrene 
Benzo(b]<luoranthene 
Benzo(g,h,l)perylene 
Benzo(l()fluoranthere 
Benzyl alcohol 
B2EHP 
Di-N-butyl phthalate 
Fluoranthene 
Indenod ,2,3-cd)pyrene 
Naphthalene 
PCP . 

Phenol 

Mfl/L 
0.0017 
0.0024 
0.017 
0.002 
1.9 
88 

. 5.4 . 
0.0067 
0.0095 

1.3 
• 2.36 

180 

Summary—^e distribution of explosives compounds and metals in groundwater 
uriderlying Study Areas 16, 19, and 22 suggest that multiple chemical sources may be affecting 
groundwater quality in thie vicinity df the sites. VOCs, SVOCs, and metals were associated 
predominantly with Study Areas 16 and 19. Inorganic constituent concentrations that exceed 
background and organic chemical cpnstituents that are used to characterize the liature and extent of 
impacted groundwater underlying Study Areas 16,19, and 22 include the following: 

• TNT (0.933 tb 650 ng/L) ' 
. 2,4-DNT (0.0826 to 470 ng/L) 
• Lead (1.02 to 240 ng/L). ' 

w 
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Maximum Concentrations j 
Analyte 

2,4-DNT 
TNT 

Mflfl. 
18. 

3.41 

4.4.2.3 Kimberly-Clark Monitoring Wells 

Groundwater samples were obtained from existing monitoring wells on the Alliance 
(formerly Kimberly-Clark) property located south of Study Areas 17 and 18. The property formerly 
was part ofthe ALAAP facility. Wells MW-IOS, MW-1 IS, MW-12S, PMW.l, PMW-3, PMW-5, 
PMW-7, and PMW-8 were sampled for explosives compounds and lead. Appendix K presents data 
summary tables for the groundwater. Table 4-8 provides sunmiary statistics for explosives 
compounds and lead detected in the groundwater. 

Metals—Lead was detected in five of the wells, ranging in concentration from 2.5 to 
123 ng/L. 

Ejq>losives—Isolated concentrations of 
2,4-DNT (0.286 to 18 ng/L) and TNT (3.41 ng/L) were 
detected in wells PMW-1, PMW-5, and MW-1 IS. The 
maximum concentrations detected are shown in the 
adjacent box. 

4.5 SOIL RESULTS 

This section provides the results of analysis of field screening and laboratory confirmatory 
soil samples collected during the Supplemental RI at ALAAP (Section 4.5.1)., Confirmatory 
samples are coinpared to background using the methodology presented in Section 4.3.. Background 
soil results are presented in Section 4.5.2. The remainder of this section is divided into subsections 
for each study area. For each study area, CEBs are listed, along with the maximum concentration 
detected in the study area for each soil interval. Where appropriate, the data are discussed with 
respect to horizontal and vertical extent of contamination. 

Tables of summary statistics for detected chemicals are provided for three depth intervals: 
0 to 1 foot BLS (referred to as surface), 1 to 10 feet BLS (referred to as shallow subsurface), and 
greater than 10 feet BLS (referred to as deep subsurface). Figures are provided for each study area 
and depth interval that depict the presence of CEBs for groups of analytes: metals, explosives, 
VOCs, and SVOCs at each sampling point. Pesticides and PCBs also are shown in figures for 
those study areas in which they were target analytes. For metals, "presence" denotes presence of 
metals at concentrations that equaled or exceeded two times the average background 
concentrations. For organic compounds, the figure indicates analytical detection. At each sampling 
point, a circle is divided into quadrants—one for each group of analytes. A blank quadrant 
indicates that no CEBs were present for that analysis group. At locations where samples were not 
collected in a particular soil horizon, the circles are left blank and no quadrants are displayed. 
Complete data summary tables for each media, study area, and depth interval are presented in 
Appendix K. For each study area, a box is featured in the text that lists the maximum concentration 
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Table 4-8. Summary Stallitlcs and Expoiure Point Concentrations for Groundwater at Study Area KC - Kimberly Clark 
' Alabama Army Ammunition Plant, Childersburg, Alabama 

n 
o 
3 

Run Ttme: 7:21:21 PM 

Run Dale: 3/29/99 

Exposure Ural: K C _ W D I 

Pinunclcr 

Piopoftion o f Delecis 

. An Simples' 

Unils 

Propoflion or Detects 

Temporal A Sputal 

Stmpta* 

Frequency 

ofPeteciiOB* 

NonDelects 

MinCRL ' M M CRL* 

Exposure 

Delects Arilhmelic Sundard / 9 ) % UCL o f Point 2 x B K Background 

Maximum Meari* Deviation^ Distribulion' Arith. Mean* Concenlialion' Mean* CompatTSOi/ 

Lcad 

2.4,fr-Tlinitn«ohiene 

2,4-Dinitrotohiene 

MS'L 

pg/L 

9 / 10 

l . l \0 

3 / 10 

7 / > 

I / . « 

3 / I 

B8S 1.3 1.3 2.3 12] 21 41 Lognonnai , 396 

13% O.M 0.64 3.4 3.4 O.Sl 0.3} Lognoimal 0.89 

38% 0.064 , O064 0.29 ' IS 1.2 3.1 Lognomul 134 

123 a 

089 

IS « 

(CEBIANOVA) 

ICEBl 

ICEBl 

* For the T ioponion o f Delects - AD Samples'cohimn. counts were based on the unavenged data l e t 

^ For the *TrDpoi1ion of Detects • Temporal and Spatial Santpks" and the *Tre(luency of Deteetion* cohunra, ownts were based on Ihe averaged dau let (e.g, poiuidwater 

*CRL • cotitraa reporting l imit 

' Noridetects i vcn treated as oic-hair Ihe detection limit In Ihe calculation o f Ihe site ani b a d v x n n d (BK) arithmetic means, standard devialion, and 93% upper c o n i i d e ^ 

' Dislribulions Ibr Ihe caiculalion ofexposure pont conxntntions (EPCs): I ) Iffewer than 4 samples are available in Ihc site dau set. "Undetermined* is indicated and lhe 9S%UCL a calcubled based on a lognormal dislribution. 2) I f lhe nomiai 

goodnesSH>f^fIl t is i coefficient b pester dian the critical vahic, the distribulioa is normaL 3) If the lognonnai goodnessKif^fil tcsl cxxfficicnl is prater than the criiical vahie, die dishibulion b lognormal. 4) Ifneither o f die goodness.of-fil 

tcsl coefficients b pealer than lhe critical value, die dstiftt i t ion is assumed lo be bgnotmal. 

' The EPC b Ihe 95% UCL o f dw aridunetic Tiican with 2 exceptions: i f die 95% UCL exceeds die maximum detected vahie (denoted by a Y * next to die EPC) or the lite dau set conuins fe^ 

' C E B (c i i rm i t i l exceeding background) • die maximum delected resull is grealer i h u or equal la two limes die bactgrawiid mean; bk (background) • die maximun detected resull b less Ihim two tones the backgraund mean; ANOVA - analysb o f variance 

detennines that the sile and backgraund dau sets come Btim d c same population. 

• - Not applicable (note: backgiuuiij comparison not eonduclcd for oiganic compouiMb) 
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ofthe CEBs for each depth interval. An analyte may be present at a particular interval, but may not 
be a CEB for that interval. In this instance, the maximum value is not shown. 

4.5.1 Resulte of Field Screening 

Field screening of environmental media was conducted during Phases 1 and 2 of the 
Supplemental RI to provide real-time information on contaminant concentrations in various media. 
During Phase 1, surface soil samples were screened for explosives and lead, and subsurface soil 
samples were screened for explosives. The screening was conducted to evaluate the nature and 
extent of contamination. During Phase 2, subsurface soil, borehole water, groundwater fi'om wells, 
surface water, and sediment were screened for explosives. The screening was conducted to provide 
information to aid in monitoring well and additional soil boring placement. The screening methods 
used during each phase and for each media are described in Section 3.4. In the following sections^ 
the results offield screening are discussed. All field screening results are tabulated in Appendix C, 
along with a data quality assessment ofthe Phase 1 field screening. 

4.5.1.1 Results of Phase 1 Explosives Screening 

Surface SoUs—A total of 278 surface soil samples from 10 study areas, including 
Community Envirormiental Response Facilitation Act (CERFA) sites and background locations, 
were field-tested during Phase 1. The testing was conducted to estimate the concentrations of 
explosives-related contamination in the surface soil on ALAAP. Table 4-9 summarizes the range 
of explosives concentrations detected at each study area. The lateral extent of explosives 
contamination in surface soil at Study Areas 6 and 7 was delineated by Roy F. Weston, using 
systematic site gridding and field screening. 

The horizontal extent of surface soil (0 to 0.5 feet) contamination was estimated by 
evaluating the spatial distribution of the screening concentrations in samples collected on the 
systematically aligned grid squares. Sheet 4-5 shows the distribution of surface soil screening 
results for explosives and lead. Calculated concentrations of TNT equivalents ranged fi"om 
<2.5 (detection limit) to 3,960 ng/g- The distribution of screening-level TNT concentrations 
exceeding the Phase 1 target concentration of 580 ng/g indicates that TNT contamination occurs on 
ALAAP in discrete areas and is not widely distributed. These conclusions were in agreement with 
the screening results from prior investigations conducted by Roy F. Weston. TNT concentrations in 
surface soil exceeding the industrial usage screening concentration of 540 ng/g were detected at 
Study Areas 16 and 17 (see Sheet 4-5). Additional screening samples were collected at Study 
Area 17 to delineate further the extent of explosives contamination. TNT concentrations exceeding 
the Phase 1 residential-usage screening concentration of 30 ng/g were detected at Study Areas 2, 
16,17, and 18 (see Sheet 4-5). 
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X ^ g j j ) ^ 
Ta«.M. s«.a,a,y„,s„„s„ . _ ^ , _ 

Study Area 

iiiiifflffliiiSiiiil 
02 Smokeless Powder Facility 

•0 Tetiyl Manufacturing Area 
16 Flashing Ground 
17 Propellant Shipping Area 

18 Blending Tower Area 
19 Lead Facility 
20 Rifle Powder Finishing Area 
B6 Coke Oven 

41 

8 
44 • 
48 
63 
47 
8 
2 
7 
10 

<2.50 
<2.50 
<2.50 
<2.50 
<2.50 
<2.50 
<2.50 
<2.50 
<2.50 
<2.50 

.. 200.00 
<2.50 
25.00 

• 4.00r 
816.00 

3960.00 
32.40 
<2.50 
.<2.50 
3.30 

OftWltt:: 

Mg/g 
Mg/g. 
Mg/g 
Mg/g .-
Mg/g • 

Mg/g 
Mg/g 
Mg/g 
Mg/g 
Mg/g 

;|:;;NiiiibCt:i6i(:p 

18 
,0 , ' 

- 8 
' • - • 2 

•28 
21 

. •• > 3 . 

0 
0 

" -1 -' 

KJ 

K , ^ 
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The presence of other nitroaromatic compoimds, other than TNT, WEIS indicated by color 
changes observed during the screening analyses. The predominant colorimetric reaction observed 
from the surface soil analyses was light to dark yellow, indicative of the presence of naturally 
occurring humic acids in the soil samples. Concenfrations of TNT or 2,6-DNT were indicated by a 
pink color reaction. Trace concentrations of tetryl (light orange) are indicated in isolated surface 
soil samples at Study Areas 2, 16, and 17, in addition to indicator concentrations of 1,3-DNB 
(purple) at Study Area 16, and 2,4-DNT (blue) at Study Areas 2 and 17. Although the presence of 
additional explosives-related compounds is indicated colorimetrically, total concentrations were 
quantified as TNT. Confirmation of contaminant concentrations was obtained from fixed 
laboratory analyses performed on approximately 10 percent ofthe field screened samples. 

Subsurface SoU (Soil Borings)—The vertical extent of soil contamination by explosives 
and lead was estimated by analyzing samples collected from 64 vertical soil borings collected from 
delineated aireas of surface soil coritamination. A total of 333 subsurface soil samples were 
screened for the presence of explosives-related compounds from 16 study areas and background 
locations. Table 4-10 sunmiarizes the Phase 1 screening results for the borings in each study area. 
The results ofthe subsurface soil screening results are shown on Sheet 4-6. 

The distribution of screening-level explosives concentrations indicates that subsurface 
explosives contamination occurs in discrete, randomly distributed areas and is not widely 
distributed. This pattem of dispersal of explosives constituents in subsurface soils was confirmed 
by extensive screening data and soil excavation at Study Areas 6 and 7 (Weston 1995). The 
estimated concentrations of nifroaromatic compounds (such as TNT) in subsurface soils on ALAAP 
ranged from <2.5 to 73 ng/g- TNT was not detected in subsurface soils exceeding the Phase 1 
industrial usage screening concentration of 580 ng/g- Concentrations of TNT exceeding the Phase 
1 residential-usage screening level of 30 ng/g were detected at Study Area 16. 

The presence of other nifroaromatic compounds was indicated by color changes observed 
during the screening analyses of subsurface soil samples. As observed in the surface soil samples, 
the predominant color reaction observed was yellow, indicating the presence of naturally occurring 
humic acids in the soil samples. Blue colorimetric reactions were observed in isolated samples 
from Study Areas 17 and 18, indicating the presence of trace concentrations (<2.5 to 18 ng/g) of 
2,4-DNT (as TNT) in these areas. Samples from Study Areas 7 (SB-07-016) and 10 (SB-10-028) 
indicated colorimetric tetryl reactions at concentrations ranging from <2.5 to 5.9 ng/g- 1,3,5-TNB 
(red) interference (25 to 73 ng/g) was detected in two samples from a single boring (SB-16-061) 
drilled at Study Area 16. Light green to green color changes are attributed to the filtering process 
used in the field laboratory. Confirmation of contaminant concentrations was obtained from fixed 
laboratory analysis performed on approximately 10 percent ofthe field screened samples. 
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KJ 
Table 4-10. Summary of Soil Screening Data - TNT - SoU Boring 

Alabama Army Ammunition Plant, Cbildersburg, Alabama 

Study Area Number ofsamples Minimion Maximum mmi Number of Detects 

02 Smokeless Powder Facility 
03 Sanitary Landflll and Lead Facility 
04 Manhattan Project Area 

. 0 6 Southem TNT Manufacturing Area 
07 Northern TNT Manufacturing Area.,. 
08 Acid/Organic Manufacturing Area 
10 Tetiyl Manufacturing Area 

16 Flashing Ground 
17 Propellant Shipping Area, 
18 Blending Tower Area 
19 Lead Facility -
20 Rifle Powder Finishing Aiea 

25 Storage Battery/Demolition Debris 
B6 Coke Oven 
BK Background 
GS Gas Station 
PS Pesticide Storage Building 

24 

- 20 
6 

32 
,28 

' 30 
41 
35 
31 . 
12 
12 

- 12 

5 
15 
•7 

8. 
15 

. <2.50 
<2.50 . 
<2.50 
<2.50 
<2.50 
<2.50 

• <2.50 
<2.50 
<2.50 
<2.50 
<2.50 
<2.50 
<2.50 
<2.50 
<2.50 . • 
<2.50 
<2.50 

7.60 
5.00 
12.50 
7.60 
5.00 
5.00 
5.90 
73.00 

18.00 
5.00 
4;20 
4.20 

<2.50 
4.20 

<2.50 
<2.50 
4.20 

Mg/g -
. Mg/g . 

Mg/g . 
Mg/g 
Mg/g. 
Mg/g . 
Mg/g 
Mg/g 
Mg/g 
Mg/g 
Mg/g 

. Mg/g 
Mg/g 
Mg/g 
Mg/g 
Mg/g 
Mg/g 

8-

5 
1 
5 
6 
10 

• 5 

2 
4 
4 
3 
6 . 
0 . 
4 

0 
.0 

1 

w 

w 
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4.5.1.2 Results of Phase 2 Explosives Screening 

Subsurface Soils—Subsurface soil screening for explosives was conducted during Phase 2 
ofthe Supplemental Rl to optimize monitoring well location decisions. Twenty-four samples from 
17 soil borings were analyzed for explosives. The results were used to place monitoring wells and 
additional soil borings in areas affected by explosives contamination. The contaminant levels 
ranged from <0.062 to 9.4 ppm for 2,4-DNT and <0.087 to 14.5 ppm for TNT. The explosives 
concentrations in 9 of the 24 samples were below the detection limits for both TNT and 2,4-DNT.. 
The TNT values are all well below the Phase 1 residential-usage screening level of 30 ppm for 
TNT. The results of these analyses are presented in Appendix C and on Sheet 4-6. 

Borehole Water—Water samples were collected from the same boreholes from which the 
subsurface soil samples were collected. The water and soil samples were collected for the same 
reason as the soil samples, which was to provide information on a real-time basis for decisions on 
monitoring well and soil boring placement. The soil boring and borehole water samples were 
evaluated concurrently when making these decisions. Thirty-eight water samples from 
22 boreholes were screened for explosives. 2,4-DNT concentrations ranged from 0.0637 to 
120 ppb. Of the 38 samples, 26 were below their detection limits for 2,4-pNT, and TNT was not 
detected in the borehole water samples. In general, 2,4-DNT concentrations were slightiy higher in 
the water samples than in the soil samples. TNT concentrations, however, although low in the soil 
samples, were not detected in the water samples. The results are tabulated in Appendix C. 

Groundwater—Groundwater samples were collected and screened onsite during Phase 2 of 
the Supplemental RI to provide information used for monitoring well and soil boring placement. 
Sixty-eight samples from 48 wells were screened for explosives. The range of 2,4-DNT 
concentrations was <10 to 9,760 ng/L, and the range of TNT concentrations was <20 to 108 ng/L-
The maximum detected 2,4-DNT concentration was in GW-04-001 (9,760 ng/L) and the maximum 
detected TNT concenfration was in GW-17-004 (108 ng/L)- Only 6 ofthe 68 samples contained 
TNT above the detection limit, while 41 ofthe 68 samples contained 2,4-DNT above the detection 
limit. 2,4-DNT was detected at a higher frequency than TNT in the borehole water samples; 
however, the explosives concentrations in the borehole water were considerably lower. In addition, 
the groimdwater samples contained generally higher explosives concentrations than the soil samples 
discussed earlier. Detailed results for the field screening of groundwater are presented in 
Appendix C. 

Surface Water—^Nine surface water samples were collected during Phase 2. These samples 
provided supplementary information to the screening data discussed in the preceding paragraphs. 
The samples were collected from five locations. For each location, one sample was filtered before 
analysis and one sample was not filtered. TNT was not detected in any of the samples, and only 
three of the samples contained 2,4-DNT above reporting limits. All three of those samples were 
filtered. 2,4-DNT concentrations in these samples were 40 ng/L (BW-BK-002 and SW-27-036) 

Final RI Report 4-58 August 2001 



Results of Field Investigations 

and 30 ng/L (SW-SP-012). Sample location BW-BK-002 is a background location. Detailed 
V̂ __̂  screening results for all Phase 2 surface water samples are presented in Appendix C. 

Sediment—One sediment saihple was collected during Phase 2 at SD-21-500. This sample, 
in conjunction with the surface water explosives screening results, provided limited supplemental 
information for monitoring well and soil boring placement decisions. The sample was analyzed 
onsite for 2,4-DNT and TNT. Concentratioris detected were low: 4.4 ng/g for 2,4-DNT and 
7.35 ng/g for TNT. For comparison, the Phase 1 residential-usage screening level for TNT was 
30 ng/g- These field screemng results are tabulated in Appendix C. 

4.5.1.3 Quantitative Lead Screening Results 

During previous investigations at ALAAP, lead was identified as a contaminant in several 
areas. After considering the possibility of onsite analysis of lead samples using x-ray fluorescence 
(XRF) instrumentation, it was determined tliat a more cost-effective approach for this investigation 
would be the implementation of quick-turnaround lead screening analysis provided by a fixed 
laboratory. PACE Environmental Laboratories of Minneapolis, Mirmesota, was contracted to 
analyze lead samples and provide results to the field manager within 24 to 48 hours. Lead analyses 
were completed at the fixed laboratory by ICAP emission specfroscopy. The analytical detection 
limit for the lead analyses was 10 ng/g-

U 

v ^ 

Lead concentrations were determined for 69 surface soil samples from Study Areas 3,4, 16, 
19, 22, and 25, with concentrations ranging from <10 to 24,000 ng/g (Table 4-11). The 
concentrations of detected lead in 93 subsurface soil samples from Study Areas 3,4,16, 19,22, and 
25 ranged from <10 to 15,000 ng/g (Table 4-12). 

Lead concentrations exceeding a screening criteria of 400 ng/g in surface and subsurface 
soils were detected at Study Areas 4, 16, 19, and 22 (Appendix C). Lead concentrations in surface 
soils are shown on Sheet 4-5 and lead concentrations in subsurface soils are shown on Sheet 4-6. 

4.5.2 Background SoU Resulte 

ESE collected soil samples between October 21 and November 4, 1993, fi'om 20 sampling 
points outside the historical A L A A P boundary. Samples from 19 ofthese 20 sampling points were 
used in the Supplemental RI background data set. Data from location SBG-16 were not used in the 
background data set because the lead concentration (156 ng/g) was high compared to the other 
19 sampling points. Figure 4-16 provides the background locations for soils and identifies the 
groups of analytes that were present in the soils. Four samples (SBG-3, SBG-9, SBG-15, and 
SBG-17) were analyzed for metals, explosives, VOCs, SVOCs, and pesticides/PCBs. Heavy 
metals (i.e., arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver, and zinc) 
were analyzed in soils from all 19 sampling points. Each of the 19 samples also was analyzed for 
explosives (1,3-DNB, 2,4-DNT, 2,6-DNT, NB, tetryl, 1,3,5-TNB, and TNT). An additional 
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Table 4-11. Summary of SoO Screening DaU • I^ead - Surface SoU 
Alabama Army Ammniiitioii Plant, Cbiidenburg, Alabama 

^ 

Study Area Number of Sanqilei Minimum Maiimum Unitt Numlier of Detects 

03 Sanitaiy Landfill and Lead Facility 
04 Manhattan Project Area 
16 Flashing Ground 
19 Lead Facility 
22 DemoUtion Landfill 
25 Stoiage Batteiy/Demolition Debris 

3 
4 

38 
15 
6 
3 

38.40 
21.40 

<10.00 
43.10 
13.30 
24.80 

278.00 
1800.00 
5400.00 
24000.00 
4«00.00 

51.80, 

Mg/g 
Mg/g 
Mg/g 
Mg/g 
Mg/g 
Mg/g 

3 
4 
36 
15 
6 
3 

v _ ; 

KJ 
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\J 
Table 4-12. Summary of Soil Screening Data - Lead - Soil Boring 

Aiabama Army Ammunition Plant, Childersburg, Alabama 

Study Area Nnmber of Samples MInimimi Maximum Vmsi Number of Detects 

03 Sanitaiy Landfill and Lead Facility 

04 Manhattan Project Area 
16 Flashing Ground 
19 Lead Facility 
22 Demolition Landfill 
25 Storage Batteiy/Demolition Debris 

12 
16 
32 
6 
15 
12 

<10.00 
<10.00 
< 10.00 
<10.00 
<10.00 
<10.00 

201.00 
201.00 
534.00 
56.30 

15000.00 
48.30 

Mg/g 
. Mg/g 

Mg/g 
Mg/g 
Mg/g 
Mg/g 

10 
. 1 1 

20 
2 
9 
9 

^ 

' • ^ 
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background surface soil sample was collected near the northeastem boundary of Area A during the 
[ J Supplemental Rl. This sample was collected for use with the bioassay tests, but also provides 

information on background concentrations - of analytes. Two soil borings (GW-BK-001 and 
SB-BK-054) were drilled and completed as monitoring wells during the Supplemental RI near the 
southeastem edge ofthe Area B boundary (see Figure 4-16). Soil sariiples were collected from the 
boreholes and represent background soil conditions. Tables 4-13,4-14, and 4-15 provide summary 
statistics for the background soil samples collected. Data summary tables are presented in 
Appendix K. 

Metals—^Nineteen metals were detected in the backgroimd soils. Of these 19 metals, 4 
were essential nufrients. Antimony, cadmium, hexavalent chromium, molybdenum, silver, and 
thallium were not detected. No apparent pattems were found with respect to the distribution ofthe 
metals detected in the background soils. Cpncenfrations of lead at all background sampling points 
were less than 40 ng/g-

Explosives—TNT was detected in only one (SBG-9) of the background surface soil 
sampling points at 6.04 ng/g- No other explosives were detected in the 20 samples. Six subsurface 
intervals from each of the borings were screened in the field for explosives and analyzed in the 
laboratory. Explosives were not detected in any sample. '. 

VOCs—Four VOGs were detected in surface soils: acetone, benzene, chlorobenzene, and 
( j toluene. All four VOCs were detected at surface soil sample location SBG-9. Acetone vvas 

detected in three surface soil samples at concentrations ranging from 10 to 60 ng/g- Acetone is a 
common laboratory contaminant. Concentrations of the other VOCs detected in surface soil 
samples collected by ESE were 0.4 ng/g chlorobenzene, 0.60 ng/g benzene, and 0.6 ng/g toluene. 
Toluene was detected in the background soil sample collected from Area A at 0.02 ng/g- Acetone 
and toluene were detected in both the shallow and deep subsurface soil samples. Acetone in 
subsurface soils ranged from 0.037 to 1.4 ng/g- Toluene concentrations were low (<0.008 ng/g) in 
subsurface soils. 

5FiOCs—Di-n-butyl phthalate was the only SVOC detected in surface soils and is a 
common laboratory contaminant. Di-N-butyl phthalate was detected in three samples collected by 
ESE at concentrations ranging from 0.11 to 0.26 ng/g- SVOCs were not detected in the background 
sample collected from Area A. SVOCs were not detected in the subsurface soils.. 

Pesticides/PCBs—-Pesticides and PCBs were not detected in any background soil samples. 

Summary—^Nineteen metals were detected in the background soils. Four VOCs were 
detected at trace concentrations, with the exception of acetone, which ranged in concehtration from 
10 to 60 ng/g TNT was detected in one sample at 6.04 ng/g- One SVOC was detected at 
concentrations <0.26 [ig/g. Pesticides and PCBs were not detected in any background soil samples. 

J J 
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Table 4-13. Summary Statistics and Exposure Point Concentrations for Soil (0-<l ft BI.S) at Study Area BK • Bacitground 
Alabama Army Ammunition Plant, Chllderiburg, Alabama 
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Mg'g 
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Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g. 

M f g 

Mg'g 

Mg'g 

Mg'g 

Proponion o f Dttects 

ADSamplea' 

7 / 7 

19 / 20 

5 / J . 

1 / 5 

5 / 3 

20 / 20 

4 / 5 

20 / 20 

5 / 3 

22 / 22 

5 / 3 

5 / 5 

1 / 20 

17 / 20 

3 / 3 

t l / 20 

5 / 3 

5 / 3 

1) / 20 

1 / 20 

4 / 6 

1 / 6 

1 1 t 

2 / 6 

I / t 

3 / 7 

Proportion o f Delects 

Temporal A Spatial 

Samvla^ 

6 / 6 

19 / 20 

3 / 3 

1 / 3 

5 / 5 

20 / 20 

4 / S 

20 / 20 

3 / 3 

21 / 21 

3 / 5 

5 / 5 

1 / 20 

17 / 20 

3 / 3 

I I / 10 

3 / 3 

5 / 3 

1] / 20 

1 / 20 

3 / 5 

1 / 3 

1 / 5 

2 / 5 

1 / 1 

J / 3 

Fietiuency 

ofDctect'ian' 

100% 

93% 

ioo% 
20% 

100% 

100% 

80% 

100% 

100% 

100% 

100% 

100% 

5% 

83% 

60% 

55% 

100% 

100% 

65% 

5% 

60% 

20% 

20% 

40% 

100% 

60% 

' NonDetects 

Mo iCRL ' 

.. 
13 

.. 
0.30 

- . •• 

.. 
1.4 

--

--
--

O.OSO 

1.7 

IOO 

0.15 

-. 
.. 
8.0 

0.0S9 

0.017 ' 

0.0013 

0.00086 

000078 

--
0.31 

MaxCRL* 

.. 
13 

.. 
. 050 

.. 
1.4 

-.-
-. 

0.087 

7.5 

too 
11 

.. 

.. 
32 

0.46 

0.043 

0.0025 

0.0025 

O.OOIOO 

0.31 

Detect! 

Mininnini 

5.700 

. 3 . 9 

23 

l. l 

186 

7.8 

6 .7 . 

2.6 

10.700 

6.5 

149 

195 

0.067 

2.6 

217 

0.J4 

88 

19 

9.9 

6 0 

10.0 

0.60 

0.40 

0.024 

27,700 

O i l 

16.000 

12 

117 

l. l 

11.000 

68 

10 

23 

24300 

37 

1,930 

1,440 

0.067 

12 

1.160 

0.70 

319 

55 

63 

6.0 

60 

0.60 

0.40 

0.60 

27,700 

026 

Arilhmetic 

Mean' 

10,138 

7.6 

62 

0.41 

2.480 

27 

7.1 

6.6 . 

18,780' 

17 

594 

863 

0.028 

4.7 

340 

0.62 

251 

38 

18 

0 5 1 

18 

0.12 

0.081 

0.13 

27,700 

0.18 

• • 

Standard 

Detial ion' 

3,966 

2.1 

33 

' 036 

4,764 

16 

3.8 

4.8 

6,831 

7.3 

765 

343 

O.OIOO 

2.9 

466 

t.3 

93 

15 

IS 

1.3 

25 

027 

0 1 8 

027 

0071 

Distribution' 

Nonnal 

Nonnal 

Nonnal 

Lognonnai 

Lognonnai 

Lognonnai 

Nonnal 

Lognonnai 

Nonnat 

Lognonnai 

Lognotmal 

Nonnal 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Nonnal 

Lognonnai. 

Lognonnai 

Nonnal 

Logihutiiai 

Lognonnai 

Lognonnai 

Undetcimined 

Nonnal 

95% DCL o f 

Ari lK Mean' 

13,401 

8.4 

96 

1.2 

I.03EHI6 

33 

t l 

8.2 

25,293 

20 

8.98S 

1,383 

0.031 

6.9 

23,549 

0.88 

605 

52 

31 

0.55 

42 

. I.2IE408 

t.42E<08 

l.23E'»ll 

025 

Exposure 

Point 

Concentration 

13,401 

8.4 

96 

l . l 

11,000 

33 

to 
8.2 

24,800 

20 

t.950 

1,383 

0031 

6.9 

1.160 

0.70 

319 

52 

31 

0.55 

42 

0 6 0 

O40 

0 6 0 

27,700 

023 

» 
« 

« 

« 

« 

« 
H 

. » 

H 

u 
« 
« 

2 x B K 

Mean' 

20,277 

IS 

124 

082 

4,960 

34 

14 

13 

37,560 

34 

1,189 

1,730 

0.056 

9 4 

680 

1.2 

501 

76 

36 

-. 

--

• • 

Background 

Comparisori 

ICEB) 

ICEBl 

(CEB) 

(CEB) 

' (CEB) 

(CEB) 

ICEB) 

(CEB) 

ICEB) 

(CEB) 

ICEBl 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

ICEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

I: 

b ». o 
3 

• For the "Proponion o f Detects - AD Samples" oohimn, counts were based on Oie unavenged data te t 

For the "Proponion o f Detecn - TemponI and Spatial Samples" tnd the "Fnquency ofDeteclion" colmnm. couns weft bated on Oie averaged d a u sel (e.g. groundwater samples Ihjm the same weU were avenged). 

*CRL • contract reporting l imit 

' Nondetects were treated as one-halfdie deteaion limit In Ihe a lo i l t t i an o f Ihe site and tnckgraund (BK) arithmetic meam, sUKJaid deviation, and 95% upper confidence limit (UCL). 

• Di i t i *u i ions for Ihe calculation ofexposure point concenimlons (EPCs): I ) i f fewer than 4 samples are available In the site data set, "Undeiennined" i i indicated and the 95%UCL b calculated based on a lognonnai distribution. 2) If the nonnal 

goodncssK>f-fil lest coeflicienl b neater than the critical value, the disnawlian is nonnal 3) I f the lognonnai goodness-oMil leal coefficieni b peater ihanlhe criiical vahie, the dislribulion b lognomial. 4) Ifneithcrofdiegoodness-oC'lil 

t a t oocHicients b pcater Oian Ihe criiical vahie. Ihe dblribution b assumed to be bgnormaL 

Tlie EPC b Ihe 95% UCL ofthe arithmetic mean with 2 exceptions: i f die 95% UCL exceeds the niaximum detected vahie (denoted by a I T next to the EPC) or Oie sile dau set contaim fewer Ihan 4 samples, the maximum detected vahie b subslhitcd as the EPC. 

•CEB (chemical exceeding background) - Oie maximum delected resull b greater Oian or equal to two times lhe background mean: bk (background) - the maximum detected nsul l b less ihan two times the background mean; ANOVA • analysb of variance 

determines that the site and badigiotmd data sets come from die same populalion 

• • Not applicable (note: background comparbon nol conducted for organic compounds) 

c c c 
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Table 4-14. Summary Statistics and Exposure Poinl Concentrations for Soil (l-IO ft BLS) at Study Area BK - Background 
Alabama Army Ammunition Piant, Childersburg, Alabama 

a 
o 

RunTime: 12:18:04 PM 

Run Dale: 3/31/99 

Exposure Unit B K _ S S I 

Parameter Units 

Mg'g 

V^% 

Mg'g 

Mg^ 

f t / t 

Mg'g 

M g ' g : 

Mg'g 

Mg'g 

Mg'g 

pg'g 

Mg'g 

Mg'g 

Mg'g 

MS'g 

Mg'g 

Mg'g 

pg'g 

Mg'g 

Mg/g 

Mg'g 

Mg'g 

Proponion o f Detects 

AD Samples' 

6 / 6 

4 / 6 

6 / 6 

4 / 6 

6 / 6 

S ./ 6 

.' 3 / 6 

6 / 6 

6 / '6 

• 1 / 6 

6 / 6 

6 / 6 

1 / 6 

4 / 6 

6 . / 6 . 

is'/ 6 
4 / 6 

2 / 6 

2 / 2 

1 / 2 

1 / 6 

4 / 6 

Proponion of Detecu 

TemponI A Spatial 

Sampled 

1.. ' 5. 

' 6 

Frequency 

o f Detection' 

100% 

67% 

100% 

67% 

100% 

83% 

.50% 

100%. 

100% 

17% 

100% 

.100% 

17% 

67% 

100% 

100% 

67% 

33% 

100% 

50% 

17% 

67% 

NonDelects 

M inCRL ' 

13 

023 

32 

2.5 

--
10.0 , 

--
0.087 

7.5 

23 

0.024 

-• 
5.0 

0.0025 

IOOO 

MaxCRL' 

13 

0.2S 

--
32 

2.5 : 

•• 
--

10.0 

• • 
0.087 

7.5 

--

32 

0.045 

--
5.0 

00025 

IOOO 

Detects 

Minimum 

8,200 

20 

24 

0.39 

239 

17 

3.5 

7.2 

19,000 

16 

369, 

40 

0.14 

I I 

387 

44 

30 

O037 

l.l 

63 

00080 

1,830 

Maximum 

27,000 

39 

40 

083 

4,610 

34 

8.0 

22 

32,000 

. 16 

1.300 

600 

0.14 

18 

860 

56 

73 

. 1.4 

378 

63 

0.0080 

6,830 

Arithmetic 

Mean' 

13.867 

21 

32 

O40 

U 3 8 

23 

3.5 

13 

26,000 

6.8 

700 

341 

0.060 

I I 

662 

48 

35 

025 

190 

J3 

0.0024 

2,770 

Slandard 

Deviation' 

6,701 

13 

6.0 

026 

1,683 

6.6 

2.8 

3.3 

4.336 

4.4 

358 

217. 

0.041 

5 9 

220 

4.4 

23 

036 

.-
--

0.0028 

2,39ft 

Dbtribulion' 

Lognormal 

Nonnal 

Nomiai 

Nomu l 

Lognonnai 

Nonnal 

Norinal 

Normal 

Nonnal 

Lognonnai 

.̂  Nonnal 

Normal 

Lognonnai 

Norinal. 

Nomiai 

Nomu l 

Nonnal 

Lognomial 

Undetermined 

Lc^noimai 

Nonnal 

95% UCL o f 

Aridi. Mean' 

21.576 

32 

37 

062 

11.707 

29 

5.8 

17 

29.567 

12 

994 

519 

O. l l 

15 

843 

52 

54 

36 

• - -

0.0071 

4,743 

Exposure 

Point 

Concentration' 

21,576 

32 

37 

062 

4.610 » 

29 

5.8 

17 • 

29,567 

12 • 

994 

519 

O i l 

15 

843 

52 

54 

1.4 « 

378 « 

63 « 

O007I 

4.743 

2 x B K 

Mean' 

27,733 

42 

64 

0.80 

2,475 

46 

7.0 

26 

52.000 

14 

1,399 

682 

0.12 

21 

1.324 

96 

71 

--

Background 

Comparvotr 

(CEB) - -

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

ICEB) 

ICEBl 

(CEB) 

(CEB) 

ICF.B1 

ICEB) 

(CEB) 

(CEBl 

(CEB) 

(CEB) 

ICEB) 

(CEBl 

(CEB) 

(CEB) 

Ahimimmi 

Anenic 

Barium 

Bcrynium 

Calcium 

Chromhim 

Ccbalt ' 

Coppcr . 

Iron 

Lead 

Magnesiuni 

MangancM 

Mercury 

Nickd 

Pousskim 

Vanadium 

Zinc 

Acetone 

Nttrate 

Phosphate 

Tohiene 

Total Organic Caiton 

* For the "Proponion of Detecti • AD Samples'' column, counu were based on the unaveraged data set 

For the "Proportion of Detects - Temporal and Spatial Samples" and the "Frequency of Detection" cohmtns. counts were based on Ihe averaged dau set (e.g, groundwater sampks from the same weD were averaged). 

*CRL - contreet repotting limiL 

* Nondetects were treated as one-halflhc detection limil in the calculation of the site and background (BK) arithmetic means, standanl deviation, and 95% upper confidence limil (LfCL). 

' Distrftutions for Ihe calculation ofexposure point concentrations (EPCs): 1) If fewerlhan 4 sampks art available in the site data sel, Thtdetermincd" a indicated «»! the 95%UCL ts calculaled based on a lognonnai distribution. 2) Iflhe nomiat 

' goodness-of^lii test coeflicient is peater than the criiical value, the disirflxition is nonnal. 3) Ifthe lognonnai goodness-o^ftt tesl coeflicient b pcater than the critical vahie, the distribution b lognonnai. 4) Ifneither ofthe goodnes-of-Rt 

test coefficients is pei ter tfian tiie critical vahie, the distribotion is assumed lo be lognonnai. 

The EPC G Ihc 9 5 S UCL ofthe arithmetic mean with 2 exceptions: ifthe 95% UCL exceeds Ihe maximum detected value (denoted by a "# ' next to the EPC) or il« site data set contains fewer than 4 sampks. t ic maximum detected vahie b subslhiled as the EPC. 

' CEB (chemical exceeding background) - the maximum detected result b sneater ihan or equal lo two tanes Ihe background mean; bk (background) - the maxhnum detected result b k u dan two tbnes the background mean; ANOVA - analysb of variance 

detennines that the site and background data sets come from the tame poputatkn 

- - Not appficable (note: backgrowid comparison not conducted for organic compounds) 

I: 
i 
f 
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Table 4-15. Suinmary Statistics and Exposure Point Concentrations for Soii (>I0 ft BLS) at Study Area BK - Background 

Alabama Army Ammunition Plant, Childersburg, Aiabama 

^ 

Rim Time: 12:18:04 PM 

Run Date: 3/31/99 

Exposure Unil: B K _ S S 1 

Paiameter 

Aluminum 

A n c n c 

Barium 

Beryllium 

Calcium 

Chromium 

Coball 

Coppcr 

Iron 

U a d 

Mercury 

Nickel 

Potassami 

Vanadium 

Zinc 

Acetone 

Toluene 

Unita 

Ml/8 

Vl/t 

PCs 

HB/S 

MS'g 

MB'g 

MS'g 

MS'g 

Mg'g 

Mg'g 

Mg'g 

f t / I 

MS'g 

Mg'g 

Mg'g 

MS'g 

MS'g 

Mg'g 

MS'g 

Prqxinion o f Detecta 

Al) Samples' 

1 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

Proportion o f Detects 

Temporal & Spalial 

Samplea' 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

Fmiuency 

o f Detection' 

100% 

83% 

100% 

50% 

50% 

100% 

100% 

100% 

100% 

67% 

100% 

100% 

50% 

83% 

100% 

100% 

50% 

17% 

17% 

NonDetects 

M inCRL ' 

13 

• -

0.25 

109 

--

--
-• 

10.0 

0.087 

7.5 

30 

O022 

0.0025 

MaxCRL' 

.. 
13 

--
0.23 

109 

-• 
.. , 
--

10.0 

--
--

0.087 

7.5 

• • 

93 

O086 

0.0025 

Detects 

Minimum 

6,200 

21 

9.7 

0.45 

188 

14 

5.3 

10 

18,000 

18 

196 

64 

012 

10 

366 

32 

43 

1.3 

O0022 

Maximum 

22.000 

37 

37 

1.1 

220 

71 

71 

51 

42,000 

24 

754 

1,800 

0.69 

52 

1,160 

62 

121 

1.3 

0.0022 

Arithmetic 

Mean' 

13,783 

26 

21 

0.45 

128 

26 

29 

28 

28,300 

16 

434 

665 

0.18 

23 

603 

46 

52 

024 

0.0014 

Standan) 

Deviation' 

6,337 

12 

I I 

0.41 

82 

22 

31 

17 

9,375 

8.8 

210 

741 

025 

20 

292 

10 

38 

052 

0.00039 

Distribution' 

Nonnal 

Nonnal 

Normal 

Normal 

Normal 

Lognonnai 

Lognomul 

Nomiai 

Nornial 

Nonnal 

Nonnal 

Nonnal 

Lognormal 

Nonnal 

Lognotmal 

Nonnal 

Nonnal 

.Lognormal 

Lognonnai 

95% UCL of 

Ar idLMean' 

18.997 

36 

30 

0 7 9 

196 

5« 
418 

42 

36.213 

23 

606 

1.275 

1.5 

40 

955 

54 

84 

32 

0.0018 

Exposure 

Poinl 

Concennalion' 

18,997 

36 

30 

0.79 

196 

56 

71 n 

42 

36,213 

23 

606 

1.275 

0.69 « 

40 

955 

54 

84 

1.3 « 

0.0018 

2 x B K 

Mean' 

27,567 

52 

41 

089 

257 

S3 

58 

56 

57,000 

32 

867 

1.331 

036 

46 

1.206 

92 

104 

.. 
--

BacVground 

Comparisof^ 

(CEB) 

(CEB) 

ICEB) 

(CEBl 

(CEB) 

(CEBl 

(CEBl 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

ICEB) 

(CEB) 

(CEB) 

iCEB l 

(CEB) 

(CEB) 

ICEB) 

ICEB) 

* For the "Proponion o f Detects • A8 Samples" cohimn, counts were based on lhe unaveraged dau set 

' Fo r die "Proponion o f Delects - Temporal and Spatial Samples" and the "Fre<|uency o f Detection" oohmms, counis were based on d x avenged dala set (e.g, groundwaier samples fiom die same weD were averaged). ' 

'CRL - contract reporting limU. 

' Nondetects were treated as one-half the detection limil In die caiculalion ofthe she and background (BK) aridunetic means, standard deviation, and 95% upper confidence lunit (UCL). 

' Distnliutions for Ihc calcuUtion ofexposure point concentrilions (EPCs): 1) I f fewer Ihan 4 samplea are available in die site dala set, TJndctennined" b Indicated and the 95%UCL is calculated based on a lognonnai dismTnition. 2) I f die nonnal 

goodnessKir-iil test coefficient h peater dian Ihe criiical value, die distribution is nonnal. 3) I f die lognonnai goodness-oFHt lesl coefficient is peater dan die criiical vahie, die distribution is lognonnai. 4) Ifneidier of Oie goodness^if-lil 

test coeflicients is pester Ihan die critical vabe, the distribution b assumed to be bgnomul. 

'The EPC is die 95% UCL o f die arithmetic mean wilh 2 exceptions: i f Ihe 93% UCL exceeds O K maximum detected value (denoted by a "« * next lo die EPC) or the sile dau set contains fewer than 4 samples, Ihe maxhnum detected vahie b .subsliuted as Ihe EPC. 

• CEB (chemical exceeding backgraund) - die niaximum delected result b pealer than or equal to two tinies dc background mean; bk (background) - die maximum detected result b less don Iwo times the background mean; ANO VA • aral)SK o f variance 

determines that the site and background data sets come l iom the same population. 

- - Not applicable (note: backpTNindoompaiitonnoKxinducted for oiganic compounds) 
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Results of Field Investigations 

4.5.3 Study Area 2 - Smokeless Powder Facility 
\ ^ 

Study Area 2 is the Smokeless Powder Facility (cannon and rifle powder), most of which 
originally was located in the Leaseback Area south of Area B. To produce rifle and cannon 
powder, the following additives were mixed with nitro-cellulose in varying amounts, depending on 
the required powder specifications: diphenylamine to stabilize the nitrate ester groups, dibutyl 
phthalate as a plasticizer, and 2,4-DNT to control the buming rate. During a previous environmental 
survey (ESE 1981), 2,4-DNT was detected in soil samples. 

Forty soil sampling locations were established at Study Area 2 during Phase 1 of the 
Supplemental RI. Surface soil seunples were collected from all soil sampling locations and were 
screened for explosives in a field laboratory. Surface soil samples collected from 8 of the 
40 screening locations were submitted for confirmatory analysis. Four soil borings were drilled and 
nine subsurface soil samples were collected for laboratory confinnatory analysis. The confirmatory 
samples were analyzed for metals, explosives, VOCs, and SVOCs. During Phase 2, five borings 
were drilled for collection of screening soil and in situ groundwater samples. A soil sample was not 
collected fiom one ofthe borings because rock was encountered. One sample was collected from: 
one of the screening locations (SB-02-066) and sent to the laboratory for lead and explosives, 
confirmatory analysis. 

Sheets 4-5 and 4-6 present the screening results for surface and subsurface soils, 
( J respectively, for Study Area 2. Sheets 4-7 and 4-8 present laboratory confirmatory results for lead 

and 2,4-DNT, respectively, in surface soils. 

An explosives (2,4-DNT) hot spot was detected at surface soil sample location 
SS-02-5507 during Phase 1 of the Suppleinental RI. 2,4-DNT was detected at this location at 
26,100 ng/g. Based on SAIC's results, Roy F. Weston conducted a samplirig program in 
September 1996 to delineate the extent of contamination around the hot spot at Study Area 2 so 
that remediation ofthe area could be conducted.. The area was sampled by Roy F. Weston on 
50-foot grids and grab samples were screened for explosives in an onsite field laboratory. Ten 
grab samples were collected from the gridded area around SS-02-5507 and screened in the field. 
Two confirmatory samples, each of which were composites offive grab samples, were subrnitted 
for laboratory confirmatory analysis. Confirmatory samples were analyzed for explosives and 
total lead. 

Neither 2,4-bNT nor.any other explosives were detected during confirmatory analysis of 
two samples from Study Area 2. The excavation criterion for 2,4-DNT was 356 ppm. Total lead, 
was detected at a maximum concentration of 13.2 ppm, which was well belowtibe lead excavation 
criterion of 500 ppm. Roy F. Weston's analytical results indicated that concentrations greater than 
excavation criteria were not present at Study Area 2. However, to be conservative, USACE 
directed Roy F. Weston to excavate the hot spot grid (50 by 50 feet) within which SS-02-5507 was 

I ; located. The proposed excavation depth was 2 feet BLS, resulting in an excavation volume of 
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Results of Field Investigations 

185 cubic yards. Figure 4-17 shows the area of soils that have been excavated and remediated at 
Study Area 2. Following remediation, confirmatory samples were collected just below the 
excavation depth to verify that remediation was adequate (Weston 1996e). 

The Supplemental Rl data summary tables for Study Area 2 are presented in Appendix K. 
The remediation data collected by Roy F. Weston are presented in Appendix L. For the purposes of 
statistical analysis, the Supplemental RI data collected from the location that subsequently was 
remediated (SS-02-5507) were removed from the data set. The Roy F. Weston post-excavation 
confirmatory data (02EXCF1278) were included in the statistical analysis. 

Summary statistics for the soils remaining in Study Area 2 are shown in Tables 4-16 
through 4-18. These tables present statistics for chemicals detected in the surface or subsurface 
soils remairiing at Study Area 2 after the remedial activities. 

Figure 4-17 shows the locations where the general contaminant group CEBs (i.e., metals, 
SVOCs, VOCs, and explosives) were detected in the soils remaining at Study Area 2 after 
remediation. The lack of quadrants in a circle indicates that a soil sample was not collected at that 
interval. 

The text boxes provide the maximum concentration of each metal that exceeded 
background concentrations or each organic compound that was detected for each interval sampled. 
Boxes for intervals where metals were not detected at concentrations above background or where 
organics were not detected are blank. 

Metals—^Nineteen metals (listed in the 
adjacent box) exceeded background in Study Area 
2 soils. The maximum surface soil concentrations 
of copper, iron, lead, mercury, nickel, and zinc 
were detected in sample SS-02-0000. Only one 
surface soil sample (SS-02-0015) was co-located 
with a soil boring (SB-02-004). Concentrations of 
CEB metals generally increased slightly with 
depth at this location. The maximum deep 
subsurface concentrations of lead and thallium 
were detected in the 25-foot BLS interval at this 
location. The maximum deep subsurface 
concentration of iron was detected in the 25-foot 
BLS interval at location SB-02-001. 

Maximum Concentrations* I 
Analyte (pg/g) 

Aluminum 

Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Ccbalt 
Copper 

•Iron 

Lead 
Magnesium 

Manganese 
Mercury 

I Nickel 
Potassium 
Sodium 
Thallium 
Vanadium 
Zinc 

(K1fl 
36.000 
24.9 
419 
5 

82,000 
118 

46.1 

43.000 
213 

13,000 
1,900 
0.318 
26.5 
4,070 
517 

78.1 
330 

l-IOft 
38,000 

389 
4.37 

82,000 

7.67 

53,000 
40.8 

14,000 
1,700 
0.306 

3,730 
384 

>10ft 
29,000 

68.7 
3.69 
7,700 

66.000 
54.2 
3,930 
1.700 

165 
20.2 

'Metals determined to exceed t>ackground based on ANOVA 
evaluation are shown in bold. 
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Table 4-16. Summary Statistics and Exposure Point Concentrations for Soil (0-<l ft BLS) at Study Area 2 - Smokeless Powder Facility 
Alabama Army Ammunition Plant, Childersburg, Alabama 

O 

RunTime: 5:10:16 PM 

Run Dale: 3/29/99 

Exposure Unit; 02_SS I 

Parameta UniB 

Proportion o f Detects 

An Samples' 

Proportion of Detects 

Temporal & Spatial 

Samples^ 

Frequency NonDetects Detects 

of Detection* MinCRL" Ma:( CRL" Minimum Maximum 

Arilhmetic 

Mean' 

Standard 

Deviation'' Distribution* 

95% UCL of 

Arilh. Mean** 

Exposure 

Point 

Concentration' 

2 x B K 

Mean** 

Background 

Comparison' 

> 
c 
1 
O 
O 

Aluminuni 

Arsenic 

' Barium 

Beryllium 

Calcium 

Chromium 

Cobah 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

1,3-Dinitro benzene 

2,4-DinitTotoluene 

2-Methylnaphthalene 

4-Mcthyl PIttnol 

Acenaphthene 

Anihricene 

Benzo(a)anthTBcene 

Bcnzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo< g,h,i )peiylene 

Benzo< k )nuoranthcne 

Chiysene 

Dibehzo( a,h)anthncene 

Dibenzofuran 

Ftuonnlhcne 

Fhiorene 

lndeno< 1,2,3-cd)pyrcnc 

Naphthalene 

Phenanthrene 

Pyrene 

Toluene 

Tota) Organic Carbon 

CS'S 

MS/g 

lie's 

MS'g 

Mg/g 

Mg/g 

Mg/g 

Mg'g 

MB'g 

Mg'g 

Mg'g 

Mg/g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

ME/g 

Mg'g 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

Mg'g 

Mg'g 

Mg/g 

Mg'S 

Mg'g 

Mg/g 

Mg/g 

Mg'g 

100% 

7 1 % 

100% 

100% 

100% 

43% 

29% 

100% 

100%' 

IOff% 

1.00% 

100% 

57% 

100% 

100% 

7 1 % 

100% 

100% 

14% 

14% 

14% 

14% 

14% 

29% 

29% 

14% 

29% 

29% 

29% 

29% 

14% 

14% 

29^4 

14% 

29% 

14% 

29% 

29% 

7 1 % 

100% 

22 

2.5 

o.o«n 
0.054 

0.17 

018 

0.27 

0.17 

0.17 

0.24 

0.73 

025 

0.40 

0.27 

027 

017 

0.17 

017 

017 

017 

0.17 

0.97 

0.0025 

67 

2.5 

0.068 

00.^6 

0.17 

018 

0.27 

0.17 

0.17 

0.24 

0.73 

0.25 

O40 

0.27 

0.27 

017 

0.17 

017 

017 

017 

017 

0.97 

0.0025 

11.000 

14 

56 

064 

2,110 

20 

6.2 

9.9 

28.000 

27 

535 

400 

012 

IOO 

689 

84 

42 

41 

0.083 

048 

1.6 

0.22 

30 

0.31 

1.2 

90 

1.6 

1.3 

067 

1.4 

20 

4.3 

2.8 

9.0 

1.2 

3.4 

1 4 

2 2 

0.0017 

27.200 

36.000 

25 

419 

5.0 

82,000 

118 

7.6 

46 

43.000 

213 

13,000 

1,900 

0.32 

27 

4.070 

517 

78 

330 

0.083 

0.48 

1.6 

0.22 

30 

30 

90 

90 

90 

20 

50 

80 

20 

4.3 

200 

9.0 

30 

34 

90 

80 

0.024 

165.000 

19.571 

15 

184 

1.8 

20,547 

36 

2.9 

18 

36.857 

7! 

3,491 

883 

012 

14 

1,563 

162 

54 

92 

0.041 

0.091 

O30 

Oil 

4.4 

4.4 

13 

13 

13 

3.1 

7.4 

12 

3.0 

069 

29 

1.4 

4.5 

056 

13 

12 

O0052 

82,057 

8.364 

7.2 

126 

1.5 

28,217 

37 

2.8 

12 

5.460 

68 

4,330 

569 

O098 

5.6 

1,179 

169 

13 

I0« 

0.019 

0.17 

057 

0049 

II 

II 

34 

34 

34 

7.5 

19 

30 

7.5 

1.6 

75 

3.4 

II 

1.3 

34 

30 

0.0083 

45,759 

Normal 

Nonnal 

Nomiai 

Lognotmal 

Lognormal 

Lognomial 

Lognomial 

Lognomial 

Nomiai 

Lognormal 

Lognomial 

Nonnal 

Lognomial 

Lognonnai 

Lognonnai 

Lognonnai 

Nomiai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognomial 

Lognomial 

Lognomial 

Lognonnai 

Lognormal 

Lognormal 

Lognonnai 

Lognonnai 

Lognormal 

Lognormal 

Lognormal 

Lognormal 

Lognormal 

Lognormal 

Lognomial 

Lognonnat 

Lognonnai 

Nomiai 

25,714 

21 

277 

4.8 

279.222 

97 

8.7 

30 

40.867 

199 

24.557 

1.300 

032 

19 

3.186 

1.207 

64 

221 

O055 

045 

1.6 

015 

817 

3,179 

247,244 

61,432 

3.440 

545 

1,765 

50,628 

228 

10.0 

8.36E-KI6 

58 

9.298 

6.1 

283,052 

1.274 

0.026 

115,665 

25,714 

21 . 

277 

4.8 

82.000 

97 

7.6 

30 

40,867 

199 

13,000 

1.300 

032 

19 

3.186 

517 

64 

221 

0.055 

0.45 

1.6 

015 

30 

30 

90 

90 

90 

20 

50 

80 

20 

4.3 

200 

9.0 

30 

3.4 

90 

80 

0.024 

115.665 

20,277 

15 

124 

0.82 

4.960 

54 

14 

13 

37,560 

34 

1.189 

1.730 

0.056 

9.4 

'680 

501 

76 

36 . 

[CEBl 

[CEBIANOVA] 

[CEBIANOVAI 

[CEBIANOVA) 

[CEBIANOVAI 

[CEBIANOVA] 

Ibk] 

[CEB] 

(CEB] 

[CEB] 

[CEBIANOVA] 

(CEBIANOVA] 

[CEB] 

[CEB] 

[CEBIANOVA] 

[CEBIANOVA] 

[CEBIANOVA) 

(CEB) 

[CEB) 

(CEB] 

(CEB] 

(CEBJ 

(CEB] 

[CEB) 

(CEB) 

[CEB) 

[CEBl 

(CEB) 

[CEB] 

(CEB] 

ICEB] 

ICEB] 

(CEB) 

[CEBJ 

[CEBJ 

[CEB] 

[CEBJ 

(CEBJ 

(CEB) 

[CEB] 

>3 

e 

:?. 
I 

t 
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Table 4-16. Summary Statistics and Expoaure Point Concentrations for Soil (0-<l ft BLS) at Study Area 2 - Smokeless Powder Facility (Continued) 

Alabama Army Ammunillon Plant, Childersburg, Aiabama 

RunTime: 3:10:16 PM 

Run Date 3/39/99 

E i |>osu i t l lnh :02_SSI 

PlfBinctcf 

Propoftton o f Detects 

AD Sampio* 

Propofinn or Detects 

Temporal & Spalial 

Swiplgr 

Frequency NonDetects Detects Arithmetic Standard 95% UCL of 

o f Detection^ M inCRL ' M M CRL* Minimuin Maximum Mem'* Devialion* Distribution* Arilh. Mcan^ 

Exposure 

Point 

ConccMralton 

2 x B K 

Mean' 

Background 

Contpansotr 

' For (he Troponion o f Dctecis - A l Samples* cohmn, counts were based on the unavenged data set 

^ For the Tropoi t ion o f Detects • Temporal an] Spatial Samples* snd the "Frequency of Detedion'oohimns, G o ^ 

*CRL - contract reporting Umh. 

' Nonddects werie brated as one-halfthe detection timtt in the calculation of the site and background (BK) arithmetic means, standaid deviation, and 93% upper coiJidaice Kmii (UCL). 

* Diitributions for Ae calcuhtkm o f expostire point oonoentrations (EPCs): 1) I f fewer dan 4 samples are available in the site dau set, "Undctenuiiicd* b indicated and lhe 95%UCL is calculated based on a lognonnai dbtribuiioa 2) I f the nonmal 

piodness-of-fil text coeflident b greater than the critical vahie, the distribution b nomul. 3) If the lognonnai goodness-o^fil tcsl coefBctent b grcaier than the critical value, the dbtrftmtion b bgnormaL 4) Ifneither ofthe goodness-of-fit 

' lest coeffidents b peaier than the critical nh ie , the dbtribption b assumed 10 be bpionnaL 

' The EPC b t i c 95% I X : L o f thc aridimctk mean with 2 exceptions: i f Ihc 95% UCL exceeds (he maximttm detected vahic (denote 

' C E B (chemical exceeding backgound) • the maximum detected rcsttll b prater (han or equal to two times die backpoimd mean; bk (backgound) - (he maximum detected resuh b less (hwi two times the background mean; ANOVA - analysb o f variance 

determines (hat the site and background data sets come from the same populalnn, 

- - Not appficable (note: backgroimd compaibon not conducted fbr organic compounds) 
>3 

s 
09 



Table 4-17. Summary Statistics and Exposure Point Concentrations for Soii (MO ft BLS) at Study Area 2 - Smokeless Powder Faciiity 

Alabama Army Ammunition Plant, Childersburg, Alabama 

RunTime: 5:10:16 PM 

Run Dale: 3/29/99 

Exposuit Unit: 0 2 _ S S I 

Panmeier 

Atuminum 

Arsciic 

Baiium 

Beryllium 

Citctum 

CIvomrum 

Coball 

CoppCT 

Iron 

L a d 

Mapiesium 

Manganoc 

Mercury 

Nidtel 

Potassum 

Sodium 

VMUKlium 

Zinc 

2,4-Dinilrololuene 

2,6.DinitTQtohiciie 

AcMone 

Bcnzo(a)anlfiiaccne 

Bcnzo^fljpjffene 

Benzo(b)nuoranllicne 

Benio<gJi,i)P«yta« 

Chiysene 

Fhioimndiene 

lnleiio(l,2,]-cd)py>ene 

Melhylene Cliloride 

Phenanlhiene 

Pyiene 

Tou l Organic Caibon 

Proponion orDelecis P r r ^ n i o n of Delecis 

AH Sampta' T e m p o m l * Spatial 

UniB 

Mg'g 5 

MS'g 2 

Mg/g > 

Mg'g 4 

Mg/g i 

Mg/g > 

Mg'g <• 

Mg'g 4 

Mg/g i 

Mg'g 5 

Mg/g ' 

Mg/g i 

Mg'g 1 

M fg 2 

Mg/g 5 

Mg/g 3 

Mg/g > 

Mg/g 2 

Mg'g * 

Mg'g 1 

Mg'g 2 

Mg'g 2 

Mg'g I / 

Mg'g • 

• MB'g 1 / 

Mg/g 1 ' 

ve/s 1 ' 
Mg/g 1 ' 

MB* < / 

Mg'g J ' 

vt/a I / 
MB'g 5 ' 

Samoies' 

Frequency 

or Deieaion' 

lOOK 

40S 

lOOS 

80% 

(COS 

20% 

80% 

80% 

100% 

83% 

100% 

100% 

20% 

AW. 

100% 

60% 

100% 

40% 

17% 

17% 

40% 

67% 

33% 

33% 

33% 

33% 

33% 

33% 

80% 

67% 

33% 

100% 

NonDeuicu 

MinCRL ' 

13 

-. 
0.2S 

.. 
15 

2.5 

3.4 

.. 
10.0 

.-
0.087 

7.5 

50 

--
27 

0.056 

0.079 

0.045 

0.17 

0.24 

0.73 

0.25 

0.27 

0.17 

0.17 

0.0062 

0.17 

0.97 

--

MaxCRL' 

.. 
13 

0.25 

.. 
33 

2.5 

3.4 

10.0 

.. 
0.087 

7.5 

-. 
50 

62 

0.21 

0.22 

0.045 

0.17 

0.24 

073 

0.25 

0.27 

0.17 

0.17 

0.0062 

0.17 

0.97 

Delecis 

Minimum 

13,000 

16 

25 

067 

148 

41 

5.2 

9.3 

9J00 

14 

459 

108 

0.31 

14 

364 

75 

34 

25 

99 

0.15 

0.13 

0.17 

085 

1.3 

040 

0.93 

1.8 

0.49 

6.0050 

0.29 

1.6 

2,290 

Maximum 

38,000 

26 

369 

4.4 

82,000 

41 

7.7 

23 

53,000 

41 

14,000 

1,700 

031 

16 

3,730 

384 

76 

46 

99 

0.13 

l. l 

0.72 

0.85 

1.3 

0.40 

0.93 

1.8 

0.49 

0.0075 

0.50 

1.6 

15,900 

Arithmelic 

Mean' 

19,800 

12 

124 

1.4 

20,054 

19 

5.3 

12 

32.640 

23 

3,619 

566 

0.096 

8.3 

1.281 

127 

58 

28 

17 

0.071 

0.26 

-• 
-• 
--
--

.-
--

0.0053 

.. 
8,592 

Slandard 

Devialion 

10,474 

8.6 

142 

1.7 

35.063 

13 

2.5 

7.9 

16,359 

14 

5.824 

655 

0.12 

6.2 

1,407 

150 

IS 

12 

41 

0.050 

0.47 

• • 

--

--

--
0.0016 

5,821 

Dislribulion' 

Lognonnai 

Nonnal 

Lognormal 

Lognoimal 

Lognonnai 

Lognormal 

Nomu l 

Normal 

Normal 

Nonnal 

Lognormal 

Lognotmal 

Lofnormai 

Lognomul 

Lognomul 

Lognomial 

Nonnal 

Nonnat 

Lognormal 

Lognonnai 

Lognormal 

Undetermined 

Undeiennined 

Undelermined 

Undeiennined 

Undeteimined 

Nonnal 

Undeiennined 

Undetermined 

Nonnal 

95% UCL of 

Arilh. Mean' 

37,026 

20 

2,615 

90 

9.42Et l0 

53 

7.6 

20 

48,217 

34 

254,948 

10,584 

0.63 

38 

12,299 

3,732 

73 

39 

2.24E*09 

0.16 

328 

--
--
--
•• 
- • 

0.0068 

.. 

.. 
14,142 

Exposure 

Poinl 

Concennalion' 

37.026 

20 

369 

4.4 

82,000 

41 

7.6 

20 

48,217 

34 

14,000 

1,700 

0.31 

16 

3.730 

384 

73 

39 

99 

015 

l.l 

072 

085 

1.3 

0.40 

0.93 

1.8 

049 

0.0068 

0.50 

1.6 

14,142 

» 
U 

« 
» 

2 < B K 

Mean' 

27,733 

42 

64 

0.80 

2.475 

46 

7.0 

26 

51,000 

14 

1,399 

682 

0.12 

21 

1.324 

• • 

96 

71 

--

--

--
--
--
.. 

.. 

Background 

Comparison* 

(CEBIANOVA) 

(bk| 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(bkl 

(CEBIANOVA) 

(bk) 

ICEB IANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

(CEB) 

(bk) 

(bk) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

[CEBl 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

t 
St 
to 

* For the "Proportion o f Detects - AD Samples'colunin, counts were based on the unaveraged data SCL 

' For the f ropo r t km of Detects • Temporal and Spalial Sampks* and lhe "Frequency of Detection' colunuis, couiKs were based on lhe avenged d a u scl (e.g, groundwater samples ftom llw sAme weD were avenged). 

'CRL-contract lepoftinf limit. ' ' • 

' Nondetects were trealed as one.4alf die detedion limit fat die calculation ofthe site and background (BK) arilhmetic means, standard deviation, and 95% upper confidence Hmit (UCL). 

' Dblributions for Ihe caiculalion ofexposure point concentntions (EPCs): 1) I f fewer Ihan 4 sampks are available in die sile dau set, 'Vridetennined' is indicated and the 95%UCL is calculated based on a lognomial dbtribulion. 2) I f die nonnal 

goodncKHlFflt test coefflcient Is pester ihan Ihe critical value, the distribulion is nomuL 3) I f lhe lognonnai goodnosKiFlit tcsl coefRcitrt is p t l l e r than lhe critical value, the dtsBitMlion is lognomal. 4) Ifneilher ofthe goodness-of-lil 

test coefflcienls is pester Ihan Ihe critical value, the dbtribulion is assumed lo be bgnomuL 

' The EPC is die 95% UCLo f the arithmetic mean vrilh 2 exceplions: i fd ie 95% UCL exceeds die nuximum detected vahie (denoted by a ' r next to the EPC) or the the dau set cortains fewer Ihan 4 samples, I k nuximum detected vahie is subsliluled as lhe EPC. 

•CEB (chemical exceeding background) - the maximum delected result is pester than or equal to Iwo tinies the badiground mean; bk (background) - die maxiinum delected resull is kas than two limes the background mean; ANOVA - analysb o f variance 

dctcnntnes that the site and background dala sets come from the same populalion. 

- - Not applicable (note: background comparison not conducled for oiganic compounds) 

c c c 
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Table 4-18. Summary Stalislics and Exposure Point Concentraiions for Soil (>I0 ft BLS) at Study Area 2 - Smokeless Powder Facility 

Alabama Army Ammunition Plant, Childersburg, Alabama 

n 
T J 
O 

RunTime: 5:10:16 PM 

Run Date: 3/29/99 

Exposure Unit: 02_SS1 

Paramctcr 

Aisenc • 

Barium 

Beiylltam . 

Cakhim . 

C i t l w4 I l i u m 

Cobah ' 

Copper 

Iron 

Lead 

Magnesium 

Manganese ' 

Mercury 

Nickel ' 

Potas&unt ' ' ' . 

Sodhnn , i • 

ThalUum- ' 

Vanadtum 

Zinc 

2.4-Dimtrololuene 

Melhylene Chloride 

Proponkm 

• AD San 

Units 

MB'g 4 ' 

MB* 3 ' 

MB'g * ' 

MB'g . 4 ' 

MB'g 4 ' 

MB'g 1 / 

Mg/g J . . ' 

Mg'g ' .4 ' 

, M g / « - ; , 4 / 

•MB'g 5 ' 

MS'g , 4 ' 

. ms . 4 / 
pg'g ' J ' 

MS'g 4 / 

• ' M f g . 4 1 

M«/« • . . 1 1 

Mg'g 1 ' 

Mg'g 4 / 

Mg/g 2 / 

- Mg'g 1 / 

Mg/g 1 ' 

' ' 
>f Detects Proponion of Detects 

ipkis* TemponI A Spattel 

Samcks* 

4 4 / 4 

4 3 / 4 

4 4 / 4 

4 4 / 4 

4 . 4 / 4 

4 , 1 / 4 

4 3 / 4 

4 • ' 4 / 4 

4 " ' ' 4 / 4 

' . ' 5. / S 

4 4 / 4 

4 ; 4 / 4 

4 - • • • 3 ; / 4 

4, .4 / i 
4 - ' •-•-' - - '•*'• 1 , 4 

4 : : .2 / • 4 

4 - ' ' • • l ' / 4 

4 4 / 4 

4 ' 2 / 4 

5 , - 1 / 5 

4, 1 / 4 

Frequency 

OfDeteclion' 

100% 

75% 

• 100% 

100% 

100% 

25% 

75% 

100% 

100% 

100% 

100% 

100% 

75% 

100% 

100% 

50% 

2S% 

100% 

50% 

20% 

25% 

NonDetects . 

M inCRL ' 

--
13 

--
--
15 
2.5 

--
--
--
•• 
--

0.087 

50 

13 

74 
0.056 

0.0062 

MaxCRL' 

• . - • ' 

13 

- - • 

--
3 8 '•• 

2.5 

--
--
--
•• 
-- ; 

0.087 

• -

50 

13 

79 

0.062 

0.0062 

Detects 

Minimum 

11,000 

22 

23 

. .1.0 

147 

23 

11 

24 

30,000 

29 

373 

410 

0.11 

17 

306 

77 

20 

53 

47 

0.37 

0.0046 

Maxinium 

29,000 

43 

69 

3.7 

7,700 

25 

52 

27 

66,000 

54 

3,930 

1,700 

6.20 

31 

1,200 

165 

20 

83 

60 

037 

0.0046 

Arilhmelic 

Mean' 

20,250 

24 

51 

2.3 

2,417' 

16 
20 
26 

58.750 

40 • 

1,438 

905 ' 

0.12 ' 

24 
7 3 4 -

73 

9.7 

69 • 

46 
0.096 

0.0035 . 

Standard 

O p t i o n ' 

7,632 
15 

20 

l.l 

3.553 
7.3 

'.22 . 

i.l . 
'"6.898 

11 

1,683 

556 

0.063 ' 

5.6 
J87 

66 

7.0 

16 
10 

0.15 ' 

0.00075 

Nonnal 

Nonnal 

•Nonnal 

Nomu l 

Lognoimal 

Nomul 

Nomul 

Nonnal 

Noniu l 

Nomul 

Lognomul 

Nonnal 

Nomiai 

Nonnal 

Nomu l 

Nomiai 

Lognomul 

Nomul 

Nomu l 

Lognomul 

Lognornial 

95% UCLof 

Ar i tKMean' 

29,231 

42 

74 • 

3.6 

1.29E<«8 

25 

46 ' 

27 

66,867 

51 

120,607; 

1,5.59 

0.20 

31 ' 

1,189 

151 

40 

88 

58 

2.1 

0.0046 

Exposure 

Poinl 

Concentnlion' 

29,000 

42 

69 

3.6 

7,700 

25 

46 

27 

66,000 

51 

3.930 

1,559 

0.20 

31 

1,189 

151 

20 

83 

38 

037 

0.0046 

« 

H 
u 

» 
» 

2 x B K 

Mean' 

27,567 

52 

41 

0.89 

257 

53 
58 
56 

57,000 

32 

867 

1.331 

0.36 

46 

1.206 

92 
104 

Background. 

Comparisoir 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(bk) 

(bk) : 

(bk) 

(CEB) 

(CEB) 

(CEBIANOVA) 

(CEBIANOVA) 

• ( b k ) 

(bk) 

(bk) 

(CEB) . 

(CEB) 

(bk) 

(bk) 

(CED) 

(CEB) 

* For the "Proporlnn o f Detects • A l Samples" cohmui. counts weie based on Ihe unavenged dau set. 

' Fo r die'fVoponion of Detects - temporal and Spalial Sampta" and the'Fnquency of Delectioo'colunnis. counts were based on die avenged dau set (e.g, groundwatei sampks l iom t ^ 

'CRL - contract reponing l imit - •' • 

Nondeie<Swerebealedasoiie-half lhedeteclkinl imit inaiecafcuhlianofthesi leandbackground(BK)aridundicnnns,slandanldevuti^ ~ . 

' Dblributions for die calculation ofexposure point concentntions (EPCs): I ) I f fewer ihan 4 sampta are available in the site datt set, "Undetemiined- b indicaled and die 9S%UCL is cakuUled based ona lognonnai dbtribulion. 2) I f die nomul 

goodness-oMit l o t coeflicient b greater dun die critical value, die dbtribulion b nomul. 3) I f d c lognonnai goodness-otfll test cocfficiert b peaier ihan the critical vahie. die distribution is kignonnal. 4) I f neither ofd ie goodness-of^fil 

test coefficients B pester than the critieal vahie, die dbtribulion b asstimed to be bgnoimal. 

' The EPC b the 95% UCL o f die ariUnietic mean widi 2 cxceplkins: i f die 95% U : L exceeds d r nuximum detected vahK (denoted by a " r nexl to die EPC) or de site dau SCI c o n u i ^ 

•CEB (cheraical cxoeeding background) - Ihe maximuro detected resu» b pester than or equal to two limes the background mean; bk (backgraund) - Ihe maximum delected resull b kss Ihan Iwo times die background mean; ANOVA • analysb o f variance 

detennines Ihal the site and background data seta come fiom die same poputaiica 

- - Not applicabk (note: background comparison not cnndiiclcd for oiganic compounds) 

So 
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Results of Field Investigations 

Lead concentrations at Study Area 2 ranged from nondetect (SB-02-003; 1 foot BLS) to 
213 ng/g (SS-02-0000). Lead concentrations exceeded backgroiind in four surface soil samples and 
in all soil boring samples, except those collected at SB-02-003 and SB-02-066. Lead concentrations 
increased slightly with depth in samples collected from the soil borings. 

Explosives—Forty surface soil and nine 
subsurface soil (from four borings) samples were 
screened for explosives during the Supplemental 
Rl. Concentrations detected in all samples were 
less than 16 ng/g except for SS-02-5507, which 
was 200 |ig/g (see Sheet 4-5). As discussed 
previously, soils in the area of location SS-02-5507 have been remediated. Two explosives 
(1,3-DNB and 2,4-DNT) were detected in confinnatory surface soil samples, and are listed in the 
adjacent box. These two explosives were detected only in one of the surface soil samples 
(SS-02-0000). Explosives were detected in samples from one (SB-02-003) ofthe borings at Study 
Area 2. 2,4-DNT and 2,6-DNT were detected m the shallow subsurface soil sample collected at 
location SB-02-0003. 2,4-DNT also was detected in the 25-foot BLS sample collected at this 
location. Both 2,4-DNT and 2,6-DNT, which were not detected in the 25-foot BLS sample, 
attenuated with depth. 

Maximum Concentrations I 
Analyte (pg/g) 

1,3-DNB 

2,4-DNT 

2,6-DN7 

0-<1ft 
0.0832 

0.475 

1-10ft 

99.3 

0.154 

>10ft 

0.366 

VOCs—Two VOCs (methylene chloride 
and toluene) were detected at low concentrations 
(near or below the CRL) in the soils sampled 
within Study Area 2 and are noted in the adjacent 
box. Toluene was detected in five surface soil 
samples and methylene chloride was detected in 
five soil boring samples. Methylene chloride was 
detected in subsurface soils in both the shallow 
subsurface interval and the deep subsurface 
interval. In addition, acetone was detected at a 
maxunum concentration of 1.10|ig/g in the 
10-foot BLS sample at location SB-02-002. 
Acetone was not detected in the 20-foot BLS 
sample from this location. 

5F(OCs—Eighteen SVOCs (listed in the 
adjacent box) were detected in the soils at Study 
Area 2. SVOCs were detected in two surface soil 
samples (SS-02-0000 and SS-02-1000) and two 
shallow subsurface soil samples (SB-02-001 and 
SB-02-002). SVOCs were not detected in the 
deep subsurface soil samples. All 18 SVOCs 

Maximum Concentrations I 
Analyte (pg/g) 

Ac»tone 

Methylene Chloricje 

Toluene 

O^lft 

0.024 

1-IOft 
. 1.10 

0.0075 

>10ft 

0.0046 

Maximum Concentrations I 
Analyte ||ifl/fl) 

Acenaphthene 

Anthracene 

Benzo(a)anthracene 

Benzo(l()fluoranthene 

Benzo(a)pyrBne 

Benzo(b)fiuoranthene 

Benzo(g,h,l)perylene 

Chrysene 

Dlt)enzo(a,h)anthracene 

Dibenzofuran 

Fluoranthene 

Fluorene 

ln{Jeno(1,2,3-cd)pyrene 

2-Methylnaphthalene 

4-Methylphenol 

Naphthalene 

Phenanthrene 

Pyrene 

(Kill 
30 
30 
90 
50 
90 
90 
20 
80 
20 
4.3 
200 
9 
30 
1.6 

0.22 

3.4 
90 
80 

MOR 

0.72 

0.85 

. 1.3 

0.4 
0.93 

1.8 

0.49 

0.5 
1.6 

>10ft 
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Results of Field Investigations 

were detected in sample SS-02-0000 and 10 SVOCs were detected in sample SS-02-1000. All of 
{^^ the SVOCs detected in the two shallow subsurface soil samples were PAHs; nine PAHs were 

detected in the 1-foot BLS sample at SB-02-001, and two PAHs were detected in the 1-foot BLS 
sample at SB-02-002. PAHs in the Study Area 2 soils are likely to be related to the buming of 
buildings in the area. • ' • • • -

Summary—Metals, explosives, VOCs, and SVOCs were detected above background 
concentrations in soils sampled within Study Area 2. The distribution of chemicals appears to be-
random and could not be identified with a particular source. Metals exceeding background were 
randomly distributed-throughout the Study Area 2 soils. Lead concentrations slightly exceeded 
background at a majority of the Study Area 2 sampling locations. 

The screening and confirmatory results collected during Phase 1 ofthe Supplemental RI for 
explosives resulted in remediation of the soils around sample SS-02-5507 by Roy F. Weston. A 
total of 185 cubic yards of soil were excavated and remediated. Supplemental RI and remediation 
confirmatory samplmg indicate that no explosives remain in the soil at concentrations greater than 
100 |ig/g. Explosives (1,3-DNB, 2,4-DNT, ahd 2,6-DNT) were detected at lower concentrations in 
one surface soil sample and two subsurface soil samples from the same boring. 

Two VOCs were detected in the soils at concentrations near or below the CRL, and acetone 
was detected at a maximum concentration of l.l ng/g. These VOCs are not suspected to ibe 
attnbutable to site activities. SVOCs were detected in the surface and shallow subsurface soils at 
random locations throughout Study Area 2. SVOCs were not present in deep subsurface soils. The 
presence of PAHs probably is related to the buming of buildings in the area. 

4.5.4 Study Area 3 - Sanitary LandfiU and Lead Facility 

According to the Installation Assessment (DA 1978), Study Area 3, the Sanitary Landfill 
and Lead Facility, was used for open buming of refuse, waste, dunnage, inert materials, and rejected 
explosives waste; flashing of contaminated metals; and small demilitarization projects, beginning in 
1941.. ' , 

The northem portion ofthe area contained frenches that received ash and residue and were 
covered with soil. The frenchies also may have received cans, paper, bottles, or used clothing tiiat 
were not bumed prior to placement (DA 1978). Lead, mercury, TNT, nitrobenzene, and 1,3,5-TNB 
were detected in soils at Study Area 3 during the environmental survey (ESE 1981). 

During Phase 1 ofthe Supplemental. RÎ  Study Area 3 was gridded and eight soil samples 
were collected from the surface and screened for explosives and lead. Surface soil samples were 
collected from three locations and submitted for confirmatory analysis. Three soil borings were 
drilled and samples were collected at 5-foot intervals. These were screened for explosives in the 
field and for lead on a quick-tumaround basis at the offsite laboratory. Nine soil samples were 
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Results of Field Investigations 

collected from the three borings and sent to the laboratory for confirmatory analysis. Soil samples 
sent to the laboratory were analyzed for metals, explosives, VOCs, SVOCs, and pesticides/PCBs. 
Four samples (two surface and two subsurface) were analyzed for hexavalent chromium. During 
Phase 2, two additional surface soil samples were collected froni location SS-03-0020. Both 
samples were analyzed at the laboratory for aluminum and lead. 

Appendix K presents data summary tables for Study Area 3. Tables 4-19 through 4-21 
present summary statistics for Study Area 3 soils. Figure 4-18 depicts the locations where the 
general contaminant group CEBs (metals, SVOCs, VOCs, and explosives) were detected in Study 
Area 3 soils. The lack of quadrants in a circle indicates that a sample was not collected at that 
interval. Sheets 4-5 and 4-6 present the screening results for surface and subsurface soils, 
respectively. Sheets 4-7 and 4-8 present laboratory confirmatory results for lead and 2,4-DNT, 
respectively, in surface soils. 

Metals—Eighteen metals exceeded 
background concentrations in soils (listed in the 
adjacent box) from Study Area 3. The highest 
concentrations of 8 of 11 surface soil CEB metals 
(aluminum, arsenic, cobalt, iron, lead, mercury 
nickel, and vanadium) occurred near the middle 
ofthe study area at SS-03-0020 and SS-03-1000 
(see Figure 4-18). The maximum concentrations 
of barium, beryllium, and copper were detected at 
SS-03-0010, located in the southem portion ofthe 
study area. 

The maximum concentration of beryllium 
in deep subsurface soils was detected at 
SB-03-005, which was co-located with 
SS-03-0010. The maximum concentration of iron 
in deep subsurface soils was detected at 
SB-03-006, which was co-located with 
SS-03-0020. 

Maximum Concentrations* I 
Analyte (pg/g) 

Aluminum 

Arsenic 

Barium 

Beryllium 
Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

( K 1 « " 
29,000 

43.2 

307 
3.54 

48,000 

27.7 

65.3 

61,000 

320 
8,300 

0.113 

20.5 

2,990 

80.7 

1-10fl 

1.11 

3,890 

49.4 

10.3 

65,000 

201 

740 
0.155 

360 

100 

>ioir 

1.23 
584 

60,000 

-

70 

* Metals detemnined to exceed background based on ANOVA 
evaluation are shown in bold. 

** ANOVA evaluation was not conductal because there are kfH& than 
four samoies in the data set. 

Maximum surface soil lead concentrations were 278, 320, and 38.4 ng/g from SS-03-0010, 
SS-03-0020, and SS-03-1000, respectively (see Sheet 4-7). Lower concentrations of lead, which 
were <40 ng/gr were detected in borings from locations coinciding with SS-03-0010 and 
SS-03-0020 (SB-03-005 and SB-03-006, respectively). In subsurface samples, the highest lead 
concentration was 201 ng/g from the 5-foot interval of boring SB-03-007, at the northern end ofthe 
study area. 
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Table 4-19. Summary Statisllct and Eipoiure Point Concentrations for Soil (0-<l ft BLS) at Sludy Area 3 - Sanitary Landflll and Lead Facility 
Alabama Army Ammunilion Plant, Childersburg, Alabama 

n 
o 

Run Thne: 5:15:07 PM 

Run Date: 3/29/99 

ExposuteUnii:OJ_SSI 

P w n e t e r 

Ahiminum 

Ane i i c 

• m u m 

Beiyllium 

Ctlctum 

Coball 

Coppa 

Iran 

U « J 

Manganese 

M e m n y 

NickH 

Poussun 

Sodhim 

V imdhim 

2.4-Dinilro<oluene 

Acetone 

Anumccnc 

DCTOofeJanllmccne 

Benzo(a)pyrene 

Benzo(b)nuaranlliene 

Bcnzo(g.Mpeo1enc 

Chysene 

Fluonmliene 

Indcnoi 1,2.3.cd)p)mie 

Metiiylene Chloride 

Ptiewmlhime 

P>nne 

Toluene 

Tou lO igu i i cC i i t i on 

All Samples' 

Unils 

Mg'g 5 / 5 

(ig/g 3 / 3 

p f C i l i 

M V * 3 . ' } 

lig/g 3 / 3 

Vt/» 3 / J 

-.Mg'g J / 3 

' pg 'g J / 3 

pg'g ' 5 / 5 

pg'g 3 / 3 

pg'g 3 / 3 

Mg'g 1 / 3 

Mg'g 3 / 3 

p4'g 3 / 3 

pg'g 2 / 3 

pg/g 3 / 3 

pg/g l / J 

; p g * l / J 

pg'g 1 / J 

pg'g J / 3 

pg'g J / 3 

pg'g 2 / 3 

pg'g 2 / 3 

pg'g 1 / 3 

p g * 2 / J 

pg'g 2 / 3 

pg/g 2 / 3 

pg/g 1 / 3 

pg'g 2 / 3 

p f g 2 / 3 

pg'g i ' 3 
pg/g 3 / 3 

Praportion or Detects 

TemponI ft SpsM 

Simple^ 

Fmpiency 

o rDe ieonn ' 

lOOK 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

33% 

100% 

100% 

67% 

100% 

33% 

33% 

33% 

67% 

67% 

67% 

67% 

33% 

67% 

67% 

67% 

33% 

67% 

67% 

33% 

100% 

NonDetects 

Mm CRL' 

.-

.-
-. 
• -

--

--
.-
--
--
--

0.087 

50 

0.054 

0.045 

0.17 

0.17 

0.24 

0.73 

0.25 

0.40 

0.27 

0.17 

0.17 

0.0062 

0.17 

097 

0.00J5 

• - • -

MaxCRL' 

.. 

.-
--

--
--
.. 
--
-• 
--

0.087 

--

SO 

.. 
0.054' 

0045 

017 

017 

024 

073 

025 

0 4 0 

0.27 

0.17 

0.17 

0.0062 

0.17 

097 

O0025 

Detects Arithmetic 

MuUlMUill 

13.100 

30 

38 

0.66 

U I O 

23 

19 

38.000 

38 

770 

440 

O. l l 

IS 

900 

105 

53 

0.095 

0.026 

0.15 

0.53 

0.46 

0.64 

0.22 

0.41 

0.52 

1.1 

0.18 

O0081 

0.54 

065 

0.0062 

6.300 

Maximum Mean' 

29.000 

43 

307 

3.5 

48,000 

28 

65 

.61,000 

320 

8.J00 

1,100 

0.11 

21 

2,990 

332 

81 

0.095 

0026 

015 

073 

0.73 

0.94 

034 

0.41 

0.81 

1.6 

035 

0.0081 

0.72 

1.2 

0.0062 

57.200 

Exposuie 

Stendanj 9S%UCLor Point 

Deviation Distribution Ari iK Mean Concentration 

Undeteimined 

Undeteimined 

Undetermined 

Undeteimtncd 

Undetemiined 

Undeteimined 

Undeiennined 

Undeteimined 

Undetennlned 

Undetemiined 

Undetcimined 

Undetemiuied 

Undetemiined 

Undetemiined 

Undetennlned 

Undetemiined 

Undetcnnined 

Undeteimined 

Undetermined 

Undeteimined 

29,000 

43 

307 

3.5 

48,000 

28 

65 

61,000 

320 

8J00 

1.100 

O. l l 

21 

2,990 

332 

81 

0.095 

0.026 

0.15 

0.73 

073 

0.94 

0.34 

0.41 

0.81 

1.6 

0.35 

00081 

0.72 

1.2 

0.0062 

57.200 

. 2 x B K 

Mean' 

20.277 

15 

124 

0.82 

4,960 

14 

13 

37,560 

34 

1.189 

1,730 

0.056 

9 4 

680 

501 

76 

.-

.. 

.. 

--
-. 
--

• - -

-. 
--
:. 

• • 

Background 

Comparisoi/ 

(CEBl 

(CEBl 

(CEBl 

ICEBl 

(CEBl 

(CEBl 

(CEB) 

ICEBl 

ICEB) 

(CEBl 

[bkl 

(CEBl 

(CEBl 

(CEBl 

(bkl 

(CEBl 

(CEBl 

(CEB) 

ICEB) 

(CEB) 

ICEB) 

ICEBl 

ICEB) 

ICEB) 

[CEB) 

(CEB) 

• (CEB) 

(CEB) 

ICEB) 

ICEB) 

(CEBl 

ICEBl 

>3 

I: 

IB-

o ' 
a 
Co 

> 

I 
O 
O 

' For thc "Proportion of Detecti > AD Sample' column, aiunls were bised on the univtnged d m tet 

^For the "Propoition of Delects - TemponI Bttd Spatiil Simples" and the Trequency of Detection' cohnnns, courts were based on the averaged daU set (eg., groundwater samples from lhe same weD were avenged). 

*CRL - contract nportiTig limiL 

'Nondetects were treated is otK^halflhe detection limil in Ihe calculation ofihe site tnd background (BK) arithmetic means, standanl deviation, and 9S% upper confidence limil (UCL). 

' DistrBiutions for lhe caiculalion of exposure pofait concentiations (EPCs): I) If fewer than 4 samptes are avaUable in Ihe site dais set, Undetermined" ts indicated tnd the 95%UCL is calculated based on a lognormal distribution. 2) if ihe nomtal 

goodness-of-fit tesl coefficieni B greater than the critical v>lue, the dbtribulion b nomial. 3) Ifthe bgnoimal gbodness-o^fit lesl coefficient b greater than the criiical vahie. the distrttwlion b lognormal 4) Ifnehher ofthe goodness-of-fit 

lest coefRcients b grcaier than the critical vahic. the distribution b assumed lo be bgDohnal 

'The EPC B the 93% UCL ofthe arilhmetic mean with 2 exceptions: if die 9S% UCLexcccds Ihe maximum delected value (denoted by a 'W nexl to the EPC) or lhe site data set contains fewer ihan 4 samples, ihe maximum delected value a substituted as the EPC. 

'CEB (chemical exceeding background) - the maximum deteaed icsub B grcato Ihan or equal lo two limes lhe background mean; bk (background) - the maximum detected result is less lion two times Ihe background mean; ANOVA • anatysb of variance 

determines that the site md background data tcis come from Ihc sinie populaiioa . . . 

• - Not applicable (note: backpound compaiison not conducted for organic compounfa) 
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RunTime: 5:15:07 PM 

Run Date: 3/29/99 

Exposure Unil: 03_SS 1 

Paiameter 

Ahiminum 

Aisenic 

Barium 

Beiyllium 

Calcium 

Cobati 

Copper 

Iran 

Lead 

Magnesium 

Manganese 

Meicuiy 

Nickel 

PolauRim 

Sodium' 

Vanadium 

Zinc 

Acetone 

Benio(a)anlhiaceBe 

Heptachlor 

Methylenechloride 

Phenanthrene 

Tohiene 

Total Oiganic Caibon 

bis(2-Elltylhexyl)phthalate 

Table 4-20. Summary Statiitics and Exposure Point Concenlratlons for Soil (1-10 ft BLS) at Study Area 3 • Sanitary Landflll and Lead Facilit) 

Propoition o f Detects 

Units 

Mg'g . 

pg'g 

MB'g 

M8/g 

pg/g 

pg'g 

PS'g 

pg'g 

pg'g 

Mg'g 

pg/g 

MB'g 

PS'g 

pg/g 

pg'g 

pg'g 

pg/g 

pg'g 

pg/g 

pg'g 

pg'g 

Mg'g 

MS'g 

\ ^ 
Mg'g 

MS'g 

All Samples' 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 7 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 3 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

Proportion ofDetects 

TemponI ft Spatial 

Sampled 

Alabama Army Ammunillon Plant, Childersburg, Alabama 

.Frequency 

ofDeteclion' 

100% 

33% 

100% 

100% 

100% 

83% 

67% 

100% 

100% 

7 1 % 

100% 

100% 

33% 

83% 

100% 

100% 

100% 

50% 

50% 

33% 

33% 

17% 

17% 

50% 

100% 

17% 

NonDetects 

M inCRL ' 

13 

--

22 

2.5 

--
10.0 

0087 

7.3 

--
-. 
--
39 

0.045 

0.17 

O0096 

O0062 

017 

0.0025 

--
0 1 9 

MaxCRL* 

13 

• -

22 

1.5 

10.0 

--
O087 

7.5 

--
.. 
--
94 

0.045 

0.17 

0.0096 

0.0062 

017 

0.0025 

019 

Detects 

Minimum 

3.300 

20 

20 

0.67 

371 

34 

4.6 

11 

13,000 

15 

290 

85 

O.IO 

10 

417 

62 

55 

71 

0.023 

0.15 

0.092 

0.0065 

O.SO 

0.0023 

1.340 

0.39 

Maximum 

26.000 

35 

53 

l. l 

3.890 

49 

10 

21 

63,000 

201 

989 

740 

016 

19 

892 

360 

89 

100 

3.5 

0.24 

0.092 

0.0065 

OSO 

0.040 

12.200 

0.39 

Arilhmetic 

Meaii ' 

16,550 

13 

37 

082 

1,294 

36 

4.9 

17 

47.167 

53 

613 

410 

0.072 

12 

610 

125 

72 

58 

0.67 

0.12 

.. 
00037 

C I S 

0.0084 

5,705 

0.14 

Standard 

Deviation'' 

8,216 

12 

14 

021 

1.324 

13 

3.4 

3.5 

17.691 

72 

292 

240 

0047 

5.2 

189 

116 

11 

35 

1.4 

0.064 

0.0014 

017 

0.016 

4,721 

012 

Distribution* 

Nonnal 

Lognotmal 

Nomu l 

Lognoimal 

Lognomul 

Nonnal 

Nonnal 

Nonnal 

Lognotmal 

~. Normal 

Nonnal 

Lognoimal 

Nonnal 

Noimal 

Lognoimal 

Noimal 

Noimal 

Lognonnai 

Lo^ioimal 

Undeteimined 

Lognoimal 

Lognoimal 

Lognotmal 

Noimal 

Lognonnai 

95% UCLo f 

Arith. Mean' 

23,308 

43 

48 

1.0 

5.595 

47 

7.7 

20 

61.720 

1.025 

853 

608 

015 

16 

765 

291 

81 

87 

4,840 

0.20 

00050 

042 

0.20 

9,589 

0 2 9 

Exposuie 

Poim 

Concentration' 

23,308 

35 « 

48 

1.0 

3,890 It 

47 

7.7 

20 

61.720 

201 « 

853 

608 

015 

16 

765 

291 

81 

87 

3:5 » 

0 2 0 

0.092 « 

0.0050 

0.42 

0.040 » 

9,589 

0.29 

2 x B K 

Mean' 

27.733 

42 

64 

0.80 

2.475 

46 

7.0 

26 

52.000 

14 

1.399 

682 

0.12 

21 

1,324 

96 

71 

.-

--
.. 

.. 

Backgraund 

Comparisoir 

(bkl 

[bk l 

(bkl 

(CEBIANOVAI 

(CEBIANOVAI 

(CEBIANOVAI 

(CEBIANOVAI 

(bkl 

(CEBIANOVAI 

(CEBIANOVAI 

(bk) 

(CEBIANOVA) 

(CEBIANOVA) 

(bk) 

(bk) 

(CEBl 

Ibk l 

(CEBIANOVA) 

(CEBl 

(CEBl 

(CEBl 

(CED] 

(CEBl 

(CEB) 

(CEBl 

(CEBl 

>3 

e 

I 
t 
». 

t/l 

> 

I 
I f 
K) 
O 
O 

* For lhe "PropoitiDn of Detects - AO Samples'cohimn, counB weie based on the unaveraged data set. 

For the "Proportion o f Delects - Temporal and Spatial Samples* and Ihe Trequency o f Detection* cohimns, counts were based on Ihe avenged dau sel ( e g , groundwaier samples ftom the same wcD were avenged). 

*CRL - cxmtiact repotting limit. 

' Nondetects were trealed as one-halfthe deteciion limit in Ihe caiculalion o f the site and background (BK) arithmetic nieans. slandanl devialkxi, and 95% uppei confldence limil (UCL). 

• Disnaiutions for the caiculalion ofexposure point eoncenirations (EPCs): 1) Iffewer than 4 samples sre available in the site dala sel, "Undetennine«r a indicated and the 95%UCL b calcuUled based on a hignonnal distribulioa 2) I f the nonnal 

goodness-of-fil tesl coefficient is grealer than the critical value, the distribution b nonnal. 3) I f Ihe lognonnai goodness-of-Ht tcsl coefficieni is grealer than lhe criiical vahie, the disbibuiion a bgnonnal. 4) Ifneilher of the goodness-of-fil 

lesl coefficients is dealer than the critical vahie. the dislribution a assumed to be bgnoimal 

The EPC is the 9S% UCL ofthe arithmetic mean wilh 2 exceptions: i f lhe 95% UCL exceeds the maximum detected value (denoted by a "IT next to the EPC) or the she dala set coixaini fewer l ion 4 samples, Ihe mai imum delected vahie is substkuled as Ihe EPC. 

'CEB (chemical exceeding background) - Ihe maximum detected result n ptater Ihan or equal to two tinies the background mean; bk (background) - lhe maximum detected resuh b less than two Hma O K background mean; ANOVA - analysb o f variance 

detennines Ihat thc site and background data seu come Svm Ihe same population. 

- - Nol applicable (note: background comparison not conducted for oiganic compounds) 

i c c 
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Table 4-21. Summary Statistics and Eiposure Point Concentraiions for Soil (>I0 f l BLS) at Sludy Area 3 - Sanitary Landfll l and Lead Facility 

Alabama Army Ammunition Piant, Childersburg, Alabama 

70 

so 

RunTime: 3:15:07 PM 

Run Date: 3/29/99 

Exposure Unit: 03_SS I 

Parameter : • 

Ahiminum , 

Anenic 

Barium 

Ber>41ium. 

Calctum 

Chromium • 

Cobah 

Copper 

Iron 

Lead 

Magneshim 

Manganese 

Nickel 

Potass v m 

Sodium 

Vanadium ' 

Zinc . . 

Acetone 

Methylene Chloriite 

Methylethylketone 

Tohiene 

Units 

Piopoiikin o f Detects Proportion ofDetects 

Al l Samples' Temporal A Spatbl Frequency NonDetects Detects Arithmetic Standanl 

Sampled ofDeteclion^ MinCRL ' MaxCRL* Minimum Maximum Mean' Deviation* 

pg'g 

pg'g 

MS'g 

Mg'g 

pg/g 

Mg'g 

Mg'g 

pg/k 

MB'g 

Mg'g 

MS'g 

Mg'g 

Mg'g 

MI 'S 

MS'g . 

.MS'g 

MS'g 

Mg'g 

PS'g 

pg'g 

100% 

100% 

100% 

100% 

67% 

100% 

67% 

100% 

100% 

100% 

67% 

100% 

100% 

100% 

33% 

100% 

33% 

33% 

67% 

33% 

33% 

-. 
.. 

.. 
109 

.-
2.5 

.-

.-
138 

--

SO 

34 

0.026 

0.0062 

0.0051 

0.0025 

.. 
-. 
-. 

109 

-. 
2.5 

.-

.-
138 

.. 

SO 
• - . 

61 

0031 

0.0062 

0.0051 

00025 

2.300 

16 

14 

057 

193 
7.7 

11 

17 

41,000 

14 

233 

161 

14 

260 

70 

28 

65 

0.024 

0.0047 

0.022 

0.014 

25,000 

41 

32 

1.2 

584 

42 ' 

12 

25 

60,000 

28 •, 20 

742 •.. - . 

710 

25 

1,010 

70 

82 

65 

0024 

00058 

0022 

0.014 

.Exposure 

95% UCLof Point 

Dbtribution' Arith. Mean' Concentration' 

l/ndetcrmtncd 

Undetermuied 

L/iKietcimu leu 

Undetermined 

Undetermined 

Undetermined 

25.000 

41 

32 

1.2 

584 

42 

12 

25 

60.000 

Normal 23 23 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undelermined 

Undetermined 

Undetermined 

Undeteimined 

742 

710 

25 

1,010 

70 

82 

65 

0.024 

0.0038 

0.022 

0.014 

2 x B K 

Mean' 

27,567 

52 

41 

0.89 

257 

53 

58 

56 

57.000 

32 

867 

1.331 

46 

1,206 

92 

104 

--
--
.. 

Background 

CompaibonF 

[bkl 

Ibk) 

(bk) 

(CEB) 

(CEB) 

(bk) 

(bk) 

(bk) 

(CEDl 

(bk l 

(bkl 

(bkl 

Ibk l 

Ibkl 

(CEB) 

(bk) 

Ibk) 

ICEBl 

(CEBl 

(CEB) 

(CEBl 

' For the "Proponnn o f Detects - AB Samples" column, counts were based on the unavenged data set 

^ For die "Proponion o f Detects - Temporal atid Spalial Samples" and the Trequency of Detection" columns, counts were based on the averaged data set ( e g , gmundwaler samples from the same well were avenged). 

C K L - contract reportmg limh. 

' Nondetects were trealcd as one-halfthe deteaion Hmit in the calculation o f the site and background (BK) arithmetic means, standard deviation, and 95% upper confidence limit (UCL). 

'Dtstributions for the caiculalion ofexposure point concentrations (EPCs): I ) Iffewer than 4 samples are available in the she data set. Undetermined" is indicated and the 95%ICL ts calculated based on a lognonnai distribulioa 2) Ifthe normal 

goodness<of^fit test coefficient is greater than lhe ait ical vahic, the distribution is normal. 3) I f lhe lognoimal goodness-otfit lest ooefficienl b grealer than the criiical value, the dislribulion b bgnomul. 4) Ifneither ofthe goodness-of-fti 

test coefficients s greata than the critical value, the dishribulion b assumed to be bgnormaL 

'The EPC b the 95% UCLo f Ihe arithmelic mean with 2 exceptions: i f the 95% UCL exceeds the maxtmum detected vahie (denoted by a "(T next lo the EPC) or the site data set conuirs fewer than 4 samples, the maximum detected value b substituted as the EPC. 

' C E B (chemical cxoeeding background) • lhe maxtmum detected result is greata than or equal to two limes Ihe background mean; bk (background) - lhe maximum detected result b less than two times the background mean; ANOVA - inalysb of variance 

determines that die sile and bacitground data sets come fiom the same populaiioa 

- - Not applicable (note: background comparison not conducted Ibr organic compounds) 

s 

a 

?•• a ' 
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Results of Field Investigations 

Maximum Concentrations j 

Analyte (ugig) 
Acetone 
.Methylenechloride 
MEK •-
Toluene 

(Klft 
0.026 -
0.0081 

0.0062 

1-10ft 
-3.5 
0.0065 

0.04 

>10fl 
0.024-
0.0058 . 
0.022 
0.014 

E^losives—^Explosives were not detected in any screening sample. Explosives were not 
\ ^ ^ detected in any surface or subsurface soil sample, except for .2,4-DNT in surface soil sample 

SS-03-0010 (see Sheet 4-8) at a concentration of 0.0953.^g/g. -

VOCs—Four VOCs were detected in the 
Study Area 3 soils: acetone, toluene, methylene 
chloride, and MEK; The maximum concen
trations ofthese VOCs detected in the. soilis are 
shown in the adjacent box. Acetone was detected 
in 5 of 12 samples, with only 2 samples exceeding 
the CRL. In these two samples, concentrations were 3.5 and 0.42 ng/g from the 1- and 10-foot 
intervals of boring SB-03-005, respectively. Results of acetone analyses for samples collected 
before June 19, 1995 (as was SS-03-0020), are believed to be suspect as a result offield laboratory 
activities. (Section 4.2 provides an additional explanation.) Toluene was detected in 5 of 12 
samples, with the highest concentration of 0.04 ng/g in the 1-foot interval of boring SB-03-007. 
Toluene was not detected in this boring at greater depths. Methylene chloride was detected in 4 of 
12 samples; all concentrations were near or below the CRL. MEK was detected in only one sample 
(SB-03-006 in the 20-foot interval) at 0.022 ng/g. 

5R?Cs—Twelve SVOCs (11 of which 
are PAHs) were detected ii soils from this study 

K ) area, and are listed in the adjacent box. Most of 
the compounds were detected in the surface soils, 
with the exception of benzo(a)anthracene, 
B2EHP, and phenanthrene, which were detected 
in the shallow subsurface. B2EHP is a common 
laboratory contaminant. 

All of the PAHs listed were detected in 
the sample collected at SS-03-0010 and nine of 
those listed were detected in SS-03-0020 in the 
southem and central portions of the study area, 
respectively. Concentrations of all detected PAHs were highest in SS-03-0010. Concentrations in 
SS-03-0010 ranged from 0.15 ng/g for anthracene to 1.6 |ig/g for fluoranthene. 

PfisricMfes/PCBs—Heptachlor was the only pesticide detected in the soils at Study Area 3. 
Heptachlor was detected in only one subsurface sample (SB-03-007) at the 1-foot interval at 
0.0919 ng/g. Heptachlor was not detected in a duplicate of this sample dr in deeper samples 
collected at this location. 

jS«»iinar>'~Metals and PAHs are present in the surface soils at Study Area 3. These results 
. 1 are consistent withthe use of this area as a buming ground. Concentrations of metals ahd PAHs 

Maximum Concentrations | 

Analvte (uo/a) 
Anthracene 

Benzofalanthracene 
Benzolalpyrene 
Benzo(b)fluoranthene 
Benzo(g,h,llpervlene 
Benzo(klfluoranthene 
B2EHP 
Chrysene 

Fluoranthene 
Indenoll,2,3<d)pvrene 
Phenanthrene 
Pyrene 

«K1ft 
. 015 

0.73 
0.73 
0.94 
0.34 
0.41 " 

0.81 
1.6 

0.35 
0.72 
1.2 

i-ion 

0.24 

0.39 

0.5 
-

>10fl 
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Results of Field Investigations, 

generally decreased with depth in the soil. VOCs were detected in the surface and subsurface soils 
and may be due to the shallow burial of material. The explosive compound 2,4-DNT was detected 
in only one sample at the study area. The pesticide (heptachlor) also was detected in one location at 
this study area. 

In conclusion, various types of chemicals were detected in the soils at Study Area 3 at 
concentrations exceeding background. These included metals, VOCs, SVOCs, one explosive 
compound, and one pesticide. Contamination is distributed primarily in the surface soils and to a 
lesser extent in the subsurface soils. The data are consistent with the use ofthe area as a buming 
and solid waste disposal area. 

4.5.5 Study Area 4 - Manhattan Project Area 

Study Area 4, the Manhattan Project Area, was used by the Atomic Energy Commission 
(now the Department of Energy) from 1943 to 1945. It is believed that heavy water 
(deuterium oxide) was produced. Neither records nor personnel interviews indicated that 
radiological waste ever had been buried at the site. The entire project facility has been destroyed 
except for one small building (DA 1978). Concentrations of lead were detected in two soil samples 
collected during a previous environmental survey (ESE 1981). 

Four surface soil samples and 17 subsurface soil samples from 3 borings were collected 
during Phase 1 of the Supplemental RI and screened for lead on a quick-tumaround basis at the 
offsite laboratory. In addition, two surface soil and eight subsurface soil samples were collected 
and analyzed for metals, explosives, VOCs, and SVOCs. Two additional surface soil samples were 
analyzed for metals (excluding mercury) only. During Phase 2, two additional surface soil samples 
were collected from location SS-04-0000 and analyzed for aluminum and lead. 

The data summary tables for Study Area 4 are presented in Appendix K. Tables 4-22 
through 4-24 present summary statistics for the soils collected at Study Area 4. Figure 4-19 shows 
the locations where the general contaminant 
group CEBs (metals, SVOCs, VOCs, and 
explosives) were detected at Study Area 4. The 
lack of quadrants in a circle indicates that a 
sample was not collected at that interval. Sheets 
4-5 and 4-6 present the screening results for 
surface and subsurface soils, respectively, for 
Study Area 4. 

Metals—Thirteen metals were detected in 
Study Area 4 soils at concentrations that exceeded 
background. They are listed in the adjacent box, 
along with the maximum concentration detected. . ^^^ ^^ ^ ^ ^ ^̂  ^^^^ background based on ANOVA 

evaluation are shown in bold. 

Maximum Concentrations* | 
Analyte (iigJg) 

Aluminum 
Beryllium 
Barium 
Caldum 
Cobalt 

I Copper 
Lead 
Maqnesium 
Mercury 
Nickel 

1 Potassium 
1 Sodium 

1 Zinc 

iKIft 
40,000 
5:17 
245 

100,000 

20 
1.800 
23,000' 
0.169 
16.6 

4,170 
808 
237 

1-10* 

77.3 
2,520 
8.07 

2.200 

2.3 

>10ft 

1.16 
53.8 
347 

92.8 

397 
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0 0 

RunTnt ie:S: |7:}gPM 

Run Date: 3/29/99 

E»pon i re l * i i l :04_SSI 

P i n m e u r 

Ahimlnuni 

Barium 

Boyl l iunl 

Ct ldu in 

ChromhtiT) 

Cotal l 

Copper 

Iron . 

L a d 

Mip ieshim . > 

Mingincsc 

Mercury 

NickH 

Potassium 

Sodium 

Vanadium 

Zinc 

DeTBC<a)anlhnccne 

Bena>(>)pyrcne 

Befiz<i(b)fluoiinthtne 

Bcnzo(g.h,i)pciylcne 

Chysene 

Fluonnlh«ne 

lndei»(l .2.}-cd)p)ni ie 

Phenanlhitne 

Pyrene 

Total Oiganic Cartwn 

Table 4-22. Summary Statistics and Exposure Point Concentrations for Soil (0-< 

c 

Proportion o f Delects Proportion of Detects 

All Samples' TemponI & SpuUI 

Units Samples 

- Ml/g 6 / 6 . : .4 1 4 . 

. Mg'g . 4 ' < . * ' * 
lie/g . . . 4 1 4 . . 4 / 4 , - . 

Mg'g . 4 1 4 . 4 1 4 , 

MS'g 4 1 4 4 1 4 

. . MS'g . . i ' * 3 1 4 

MS/g 4 / 4 ; 4 / 4 

. Mg'g 4 / 4 . , 4 / 4 

Mg'g 6 / 6 . 4 / 4 

M8/g - 4 / 4 4 1 4 

MCg . 4 / 4 4 / 4 

MS'g 2 / 2 . 2 / 2 

MS'g 4 / 4 4 / 4 

Mg/k 4 1 4 4 / 4 

Mg'g •• ' •• * 1 * 

Mg'g 4 / 4 4 / 4 

Mg'g 4 / 4 4 / 4 

Mg'g 1 / 2 1 / 2 

Mg'g 1 / 2 1 / 2 

Mg'g 1 / 2 1 / 2 

Mg'g 1 / 2 1 / 2 

fit/S 1 / 2 1 / 2 

Mg'g 1 / 2 1 / 2 

Mg'g 1 / 2 1 / 2 

Mg'g. 1 / 2 > ' 2 

MS'* I ' J I ' J 

Mg/g 1 / 2 1 / 2 

Mg'g 2 / 2 2 / 2 

1 ft BLS) at Stud) 

Alabama Army Ammunil ion Plant, Childersburg, Alabama 

Frequency 

OfDeteclion* 

100% 

lOOS 

lOOS' 

1 IOCS 

IOCS 

73% 

lOOH 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

>0% 

50% 

50% 

50% 

50% 

50% 

50% 

50% 

50% 

50% 

100% 

NonDelects 

M inCRL ' 

-. 
--
...• 
--
--
2.5 

• . . . 

--
--

•-
--
--

0.17 

0.24 

0.73 

0.25 

0.40 

0.27. 

0.17 

0.17 • 

0.17 

0.97 

MaxCRL' 

.. 
• • 

• - • -

--
--
2.5 

--
•-
--
• r 

--
--
--
--
--
--

0.17 

0.24 

0.73 

0.2) 

0.40 

0.27 

0.17 

0.17 

0.17 

0.97 

Delecis 

Mimmum 

14,600 

102 

0.94 

6.700 

30 

;s.2 

: 12 

23,000 

12 

1.240 

440 

0.14 

9.9 

1.070 

120 

37 

50 

1.2 

1.3 

2.4 

0.93 

1.3 

1.3 

4.4 

0.S4 

1.2 

2.1 

38.000 

Maximum 

40.000 

245 

5.2 

100,000 

36 

9.1 

. 2 0 ' 

30,000 

1.800 

23,000 

1.300 

0.17 

17 

4,170 

808 

63 

237 

1.2 

1.3 

2.4 

0.93 

1.3 

1.3 

4.4 

0.84 

1.2 

2.1 

96,800 

Arithmetic 

Mean' 

21,683 

1.59 

2.3 ' 

34,425 

33 

5.5 

1 5 -

26,250 

477 

7,533 

695 

--
13 

2.038 

300 

49 

108 

--
--
--
.-

--

Standan) 

Deviation' 

5.325 

61 

1.9 

43.960 

2.4 

3.3 

3.7 ' 

2.986 

882 

10.343 

406 

--
3.1 

1.435 

339 

I I 

88 

--
--
--
.-
--
--
--

Area 4 - Manhattan Project Area 

Distribution 

Nonnal 

Nonnal 

Nornial-

Lognonrul 

Nornial 

Nornial 

Nonnal • 

Nonnal 

Lognonnai 

Lognonnai 

Lognonnai 

Undcterminod 

Nomiai 

kJOBJtOfTttMM 

Lognomial 

Nomu l ' 

Nomiai 

Undetermined 

Undetnmined 

UndctennDicd 

Undctcnii u iod 

Undeteiuitned 

Undetermined 

Undetermined 

Unoctciiiiuicd 

UnuctciuiUKd 

Undeteimined 

95% UCL o f 

Ar i tKMean' 

27,949 

231 

4.6 

6.23E+06 

35 

9.3 

19 

29.764 

I.99E+I0 

3.08 E406 

2,016 

• -
16 

8,896 

8,148 

61 

212 

-• 

--
.-
.-
.-
--
--
--

Exposuie 

Poinl 

Concentration 

27,949 

231 

4.6 

100.606 

35 

9.1 

19 -

29.764 

1.800 

23.000 

1.300 

0.17 

16 

4,170 

808 

61 

212 

1.2 

1.3 

2.4 

0.93 

1.3 

1.3 

4.4 

0.84 

1.2 

2.1 

96,800 

« 

« 

# 
• 
H 

n 

» 
» 

» 
n 

» 
s 

« 
D 

a 

n 

t 

» 
« 

2 x B K 

Mean' 

20,277 

124 

6.82 

4,960 

54 

14 

13 

37,560 

34 

1.189 

1,730 

0.056 

9.4 

680 

501 

76 

36 

-. 
--
--
--
.. 
.. 
--

--

Background 

Comparisoir 

ICEBIANOVA) 

[CEBIANOVA) 

[CEBIANOVA) 

(CEBIANOVA) 

(bk) 

(bk) 

(CEB) 

Ibkl 
(CEB) 

(CEBIANOVA) 

(bk) 

(CEB) 

ICEB) 

(CEBIANOVA) 

(CEBIANOVA) 

Ibk) 

(CEB) 

(CEB) 

ICEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

ICEB) 

ICEB) 

(CEB) 

(CEB) 

' F o r the iHopoffiion of Delects- A l Samples" cohnnn, oounu were based on the unaveraged data leL 

^ For the "Praportion orDctecti - TemponI and Spatial Samples" and the 'Frequency of Detection" columns, court i were based on Ihe averaged data set (eig., goundwater samples from the same wcU were awra(ed). 

'CRL - contract reporling l imi t 

'Nofvleteus were treated as oic-hairihe detection limit in Ihc calculation o f the sile and background <BK) arithmetic means, standard deviation, and 95% upper confidence limit (UCL). 

* btstributtors for the calculation ofexposure potnt conccrrtratioffl (EPCs): I ) Iffewer than 4 samples are available tn the site dau set, TJndetermincd" is indicated and the 93%UCL b calculated based on a lognormal distribution. 2) I f lhe normal 

goodncss-of-fit test coeffictent b ptater Ihan Ihe critical vahic, Ihe distribulion b normal. 3) I f thc bgnonnal goodness-oPlit lest coefficieni b greater than the critical value, Ote dbtribution b lognormal. 4) I f neither o f the goodness-of-Ht 

tcsl coeffktentsbpeaier than Ihe orhkal vahie, die distribulion u assumed to be lognomul. j 

'The EPC B the 9S% UCL of ihe arithmetic mean with 2 exceptions: i f lhe 9S% UCL exceeds the maximum detocted vahie (denoted by a ' T nexl to Ihe EPC) or the site data set cor«ains fewer ihan 4 samples, the maximum detected value is substituted as the EPC. 

' C E B (chemkal exceeding badcgrxwnd) - Ihe maximum detected nsuh b pcatcrlhanoreqtul to two times lhe background mean; bk (backgound) - the iruximum detected resutt b less than two limes the hackpxwnd mean; ANOVA - analysb o f variance 

deterrnines that Ihe site and background dala sets come from the same population. 

- - Not applicable (nolc: backgound comparbon not conducled for organic compounds) 
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Table 4-23. Summary Statistics and Exposure Point Concentrations for Soil (I-IO ft BLS) at Study Area 4 - Manhattan Project Area 
Alabama Army Ammunition Plant, Childersburg, Alabama 

0 0 

> 

! 
O 
O 

RunTime: 5:17:38 PM 

Run Date: 3/29/99 

Expasure Unit: l>4__SS I 

Parameter 

Ahiminum 

Barium 

Beryllium 

Calchmi 

Chromium 

Cobalt 

Copper 

Iron 

Lcad 

Magnesium 

MangaiKse 

Mereury 

Potassum 

Vanadium 

Acetone 

Anthracene 

Benzo(a)anlhiiccfK 

Benzo(a)pyrene 

Bcnzo(b)nuoranthcne 

Chiysene 

Fhnranihene 

Phenanlhrene 

Toluene 

T o u l Organic Carbon 

* For the T ropodnn o f Detects • AB Samples" column, counis were based on the unaveniged dau set . 

^ For Ihe "Proportion o f Detects - TemponI and Spatbl Samples' and the "Frequency o f Detection" oohunns. counts werc based on lhe averaged dau set ( e g , groundwater samples from the same w d l were averaged). 

*CRL - contract reporting limit. 

' Nondetects were trealed as ore-half the detection limit In the calculatmn of lhe site and background (BK) arilhmelic means, itandard deviation, and 95% upper confidence limil (UCL). 

' Dbtributiofa for the calculation ofexposure point concentntions (EPCt): I ) I f fetver than 4 samples are available in the site daU scl. "Undetermined" b indicated and the 95%UCL b calculated based on a lognonnil dbtribution. 2) I f the normal 

goodness-of-flt lest coefflcient b greater than the critical value, the dbtribulion b nonni l . 3) I f the lognormal goodness^f-fit test coefficwnt b (peater than the critical vahte. the dbtribution b tognormal. 4) I f neither of lhe goodness-of-fit 

lest coefncients b pealer than dw critical vahie, the dbtribulion b assumed to be bgnormal. 

' The EPC b the 95% UCL ofthe arithmetic mean with 2 exccpttons-. i f lhe 95% UCL exceeds thc maxhnum delected vabe (denoted by a "ff" nexl lo the EPC) or the cite daU set contains fewer than 4 samples, the maximum detected vahie b substituted as the EPC. 

' CEB (chemkal exceeding background) - lhe maximum detected resull b pcaier thin or equal to Iwo times Ihe background mean; bk (background) - the maximum detected result b less Hon iwo times the backpound mean; ANOVA - ana])!:B o f variance 

determines thai Ihe site and background dau sets come from the same populalion. 

• - Not appticabte (note: background comparison not conducted for organk compounds) 

Units 

Mgl'g 

Mg'g 

Vt/S 

f l f t 

f i f i 

»!/» 
Vi/t 
n / l 
pg'g 

f t / t 
llg/g 

Mg'g 

M f l 

Mg'g 

Mg'g 

Mg'g 

Mg« 

Mg'g 

Mg'g 

fS/S 

Mg'g 

Mg'g 

Mfg 
Mg'g 

Proportion OfDeiecls 

An Samples' 

Pl opm lion ofDetects 

Temporal A Spatial 

Samples' 

Frequency 

ofDeteclion' 

100% 

100% 

100% 

100% 

100% 

100% 

50% 
100% 

56% 
100% 

100% 

33% 
100% 

100% 

67% 

33% 
33% 

33% 

33% 

33% 

33% 

33% 
67% 

100% 

NonDetects 

M inCRL ' 

.. 

--
• -
--
3.4 

--
10.0 

-• 
0.087 

-. 
-• 

0.045 

0.17 

0.17 

0.24 

0.73 

0.27 

0.17 

0.17 

0.0025 

MaaCRL' 

--

-. 
--
3.4 

-. 
10.0 

--
0.087 

.. 
-• 

0.045 

0.17 

0.17 

0.24 

0.73 

0.27 

0.17 

0.17 

0.0025 

Exposure 

Delecis Arilhmetic Standard 95% UCLo f Point 

Minimum 

3.900 

42 

038 

1.520 

23 

4.3 
6.2 

10.000 

13 

383 

170 
2.3 
186 

35 

0.037 

0.11 

0.34 

0.35 

0.94 

0.37 

0.65 

0.31 

0.0082 

7,500 

Maximum Mean' Deviation' Dislribulion' Ar i tKMean ' Coticentnuion' 

19.000 

77 

0.55 

2.520 

43 
8.1 

6.2 

23.000 

• Unoelctmincd 

Undetenntned 

Undetermined 

Undetermined 

Undetermined 

Undetemiined 

2.200 274 725 Lognoimal 20 

962 

500 

2.3 
537 

38 
2.5 

O i l 

0.34 

0.35 

0.94 

0.37 

0.65 

0.31 

0.013 

15.900 

Unddeimined 

Undetermined 

Undetermined 

Undetermined 

Undelermined 

Undeiennined 

Undeiennined 

Undeiennined 

Undetermined 

Undeiennined 

Undelermined 

19.000 

- . • 77 

055 

2.520 

43 
8.1 

6.2 
23.000 

476 2,200 

962 
500 

2.3 
537 
38 

2.5 

O.l l 

0.34 

0.35 

0.94 

0.37 

0.65 

0.31 . 

0.013 

15,900 H 

2 « B K 

Mean' 

27,733 

64 

0.80 

2.475 

46 

7.0 
26 

52.000 

14 

1,399 

682 
0.12 

1.324 

96 

.. 

.. 

--

• ' 

Background 

Comparisori 

(bk) 

(CEB) 

(bk) 

(CEB) 

(bk) 

(CEB) 

(bk) 

Ibk) 

(CEBIANOVA) 

(bk) 

(bk) 

(CEB) 

(bk) 

(bk) 

(CED) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

ICEBl 

(CEB) 

(CEBl 

(CEB) 

•5, 

i: 
S" 
I 

c c-̂  c 
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Table 4-24. Summary Stallstlcs and Exposure Point Concentrations for Soii (>I0 ft BLS) at Study Area 4 - Manhattan Project Area 
Alabama Army Ammunition Plant, Childersburg, Alabama 

o 

00 
l / l 

RunTime: 5:17:38PM 

Run Date: 3/29/99 

Exposure Unit: 0 4 _ S S I 

ParBmeler 

Ahimmum 

Barium 

BeryUium j 

Cakium 

Chromium . . 

Coball 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Nickel 

Potassium 

Sodium 

Vanadaati • • 

Zinc 

Aoelone 

Toluene 

Total Oiganic Carbon 

Proponion o f Detects 

Atl Samples' 

Units 

Mg'g 4 / 4 

Mg'g 4 / 4 

Mg/g . • 4 / 4 

V t / i 3 ' / 4 

p»1g 4 / 4 

MB'g 4 / 4 

pg/g 4 / 4 

Mg'g ' 4 , / 4 

MB* 7 / 8 .. 

pg'g 4 / 4 

Mg'g * • ' * 

Mg'g 3 / 4 

Mg'g . 4 / 4 

Mg'g 2 / 4 

- r f S / S . 4 1 4 

Mg'g 2 / 4 

MS'g ' 4 / S 

Mg'g I ' J 

Mrt 2 • ' 5 
Mg'g 1 / 3 

Proportion OfDetects 

TemponI & Spatbl 

Samplia' 

Frequency 

ofDetecskm' 

100% 

100% 

100% 

75% 

100% 

100% 

100% 

100% 

88% 

100% 

lOOS 

75% 

100% 

50% 

100% 

50% 

SOH 

20% 

40% 

20% 

NonDetects 

MinCRL ' 

-. 

109 

-. 
10.0 

• -
7.5 

30 

-. 
33 

0.043 

0.0062 

0.0025 

1000^ 

M a i CRL* 

--

109 

10.0 

7.5 

--
50 

98 

0.045 

0.0062 

0.0025 

IOOO 

Dtlevts 

Minimum 

4.230 

18 

0.74 

157 

13 

4.8 

9.2 

12,000 

16 

271 

97 

13 

351 

202 

13 

60 

0.024 

0.0046 

0.0026 

3,290 

Maximum 

22,000 

54 

1.2 

347 

39 

6.8 

26 

49,000 

93 

614 

700 

14 

825 

397 

78 

81 

0.092 

0.0O46 

0.013 

3.290 

Arilhmelic 

Mean' 

14,558 

31 

0.91 

189 

23 

6.1 

18 

33,250 

34 

454 

281 

I I 

589 

162 

43 

52 

0.049 

0.0034 

0.0039 

1.058 

Sundard 

DevUtion' 

7,836 

16 

0.18 

121 

I I 

0.89 

7.2 

! 7,858 

27 

151 

283 

S.O 

219 

177 

27 

27 

0.030 

0.00067 

0.0051 

1.248 

Di j t r f tul ion' 

Nonnal 

Normal -

Nonnal 

Nonnal 

Nonnal 

Nomiai 

Nonnal 

Nonnal 

. Lognormal 

Nonnal 

Nonnal 

Lognonnai 

Nomiai 

Nonnal 

Nonnal 

Nonnal 

Nornial 

Lognonnai 

Lognonnai 

Lognonnai 

95% UCLo f 

Arith. Mean' 

23,778 

50 

1.1 

331 

36 

7.1 

26 

54,263 

104 

, 632 

615 

66 

846 

371 

75 

83 

0.077 

0.0041 

0.049 

6,199 

Exposure 

Point 

Concentration 

22,000 

50 

l. l 

331 

36 

6.8 

26 

49,000 

93 

614 

615 

14 

825 

371 

75 

81 

0.077 

0.0041 . 

0.013 

3.290 

« 

H 

n 
u 

» 
« 
n 
u 

n 

n 
n 

2 x B K 

Mean' 

27.567 

41 

0.«9 

257 

53 

58 

56 

57,000 

32 

867 

1,331 

46 

1,206 

.-
92 

104 

--

Background 

Cominrisot^ 

(bkl 

(CEBIANOVA) 

(CEB IANOVAI 

(CEBIANOVA) 

(bkl 

(bk) 

(bkl 

(bk| 

(CEB IANOVAI 

(bkl 

(bk) 

(bk) 

(bkl 

(CEBl 

(bk) 

(bk) 

(CEBl 

(CEB) 

(CEBl 

(CEB) 

> 

* For the "Proportion ofDetects - AO Sarnples" cohmm, oounb were based on the unaveraged daU s e t 

^ For lhe "Proporlkn of Detects - Temporal and Spatbl Samples" and the Trequency of Detection' columns, counts werc based on the averaged d a u set ( eg . , groundwaier samples from ihe same wcD were averaged). 

C R L • contract reporting Itmtt. 

' Nofxletects were trealcd u one-hair die detection Kmb in Ihe calcubtkm of Ihe site and background (BK) ari ihnMk ineans, standard d c ^ 

* Dbtribulions fbr the cakulation ofexposure point concentrations (EPCs): 1) If fewer than 4 samples are available in Ihe site d a u set, TMdetermined" b indicated and the 95%UCL b calculated based on a tognormal dbtributioii. 2) If thc normal 

goodness-of-fil test coefiicient b grcaier than the cr i tk i l vahie, the dbtT9nitun s normal 3) If the lognonnai goodness-of-ftt tcsl coefRckm b greater than the critkal vahie. lhe dbtribution b bgnorma l 4) If neither of the goodness-of-fit 

lesl coefHcients is greater Ihan the orilkaf vahie, the dbtrSnition b assumed to be bgnormal. 

' T h e EPC b the 9 5 % UCLof the ariihmctk mean with 2 exccptkca: if the 9 5 % UCL exceeds the maxtmum detected vahie (denoted by a "ff" next to the EPC)or ihc site d a u set contains fewer than 4 samples, thc niaximum detected value b substHutcd as the EPC. 

' C E B (chemical exceeding backptntnd) • the maximum detected rcsub b pca te r than or equal to Iwo times the background mean; bk (background) - Ihc maximum detected resull b k s s than two times Ihe background mean; ANOVA - analysb of variance 

determines that the silc and background d a u sets come fiom the same populaiioa 

- - Not appbcabte (note: background compvison nol conducted fbr o rgank oompoundf) 

O 
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Results of Field Investigations 

+ N 1,034,625 + 

SB-04-008 

SS-04-0010 

+ NOTE: 50 

Contaminant group/not anolyzed ot this depth. 

200 

SCALE: r = 100' 

N 1,033,^-)-

/ 

LEGEND: 

• . 
r̂  

S<yPl£ DEPTH 

0 - <i F tn 

AtWLYncM-groups 

r m o 1 - 10 FUT 
MUBMamr 

. S M n u n 

+ 

. JUKE s a oomaHm SURE 

, sn. sonc aMmniM sionE 
>10 fICT-

UETMS 

. E X P L O ^ 

U.S. ARMY E^fVIRONMENTAL CENTER 

IALABAMA A R M Y AMHUNmON PLANT 

CHILDERSBURG. AUBAMA 

CEBs in Soil at 
Study Area 4 

Hgur* No. 

4-19 
ProjKt No. 

03-8178-045 
Flit Nome 

)9015\DWGS\E42PIE07 
Date 

03-31-99 

Final RI Report 4-86 August 2001 



Results of Field Investigations 

The maximum concentrations of copper, lead, mercury, nickel, and zinc in surface soils were 
\ ^ ^ detected at location SS-04-0010. The maximum concentrations of barium and cobalt in shallow 

subsurface soils were detected at location SB-04-009. The maximum concentrations of lead and 
mercuiy in the shallow subsurface soils were detected at SB-̂ 04-008. The highest detected 
concentration of mercuiy at the study area was in the 1-foot interval at location SB-04-008. The 
maximum detected concentrations of lead in surface and shallow subsurface soils were 1,800 ng/g 
(SS-04-0010) and 2;200 ^g/g (SB-04-008, 1 foot BLS), respectively. All other lead concentrations 
in the Study Area 4 soils were one to two orders bf magnitude lower. Because of the lack of 
information on the study area, it is not known whether it contains a source for these metals. 

( ^ 

Maximum Concentrations I 
Analyte (pg/g) 

Acetone 
Methylene Chloride 
Toluene 

( K l f l 1-10ft 
2.5 

0.013 

>10ft 
0.092 
0.0046 
0.013 . 

Explosives—Explosives were not detected in any surface or subsurface soil samples. 

VOCs—Three VOCs were detected in the 
subsurface soils at Study Area 4. The maximum 
concentrations detected are shown in the adjacent 
box. Acetone" was detected in six of eight 
subsurface soil samples, with concentrations 
above the CRL detected in three of the samples. 
Methylene chloride was detected only at location SB-04-010 in the 25-foot interval, toluene was 
detected in four of the eight soil subsurface samples; the highest concentration was detected in 
boring SB-04^010 at the 1-and 15-foot intervals. 

SP'OCs—Eleven PAHs were detected in 
surface soil sample SS-04-0010, at concentrations 
ranging from 0.84 ng/g for indeno(l,2,3-cd)-
pyrene to 4.4 ng/g for fluoranthene. Seven PAHs 
were detected in the 1-foot" interval sample at 
location SB-04-008. Concentrations ranged from 
O.lljag/g for' anthracene to 0.94 îg/g for 
benzo(b)fluoranthene. SVOCs were not detected 
in any deep subsurface soil samples. ITie detected 
PAH concentrations are listed in the adjacent box. 

Maximum Concentrations I 
Analyte (gg/g) 

Anthracene 
Benzolalanthracene 

Benzo(a)pyrene 
.Benzo(b)fluoranthene 
Benzo(g,h,l)perYlene' 
Benzo(l()fluoranthene 
Chrysene 
Fluoranthene 
Indenoll,2,3-cd)pyrene 

Phenanthrene 
Pyrene 

O^lft 

1.2 
1.3 
2.4 . . 
0.93 . 
1.3 
1.3 

. 4.4 
0.84 

1.2-
. 2.1 •• 

i - im 
0.11. 
0.34 
0.35 

... 0.94.-

0.37 
. 0.65 

0.31 

>10ft 

'. 

Summary—Little information is available conceming the historical use of this study iEirea. 
It is believed that heavy water (deuteriimi oxide) was produced. The entire project facility was 
desfroyed except for one small building. A variety of metals, 1 TPAHs, and 3 VOCs were detected 
in the soils at Study Area 4. Thirteen raetals were identified as CEBs, the most notable of which 
was lead. Lead was detected at maximuin concentrations of 1,800 and 2,200 ng/g in surface and 
shallow subsurface soils, respectively. PAHs were hot detected in samples collected from depths" 
greater than 1 foot BLS. The presence of PAHs may be related to burning of the buildings; metals 
may have been used in the deuteriimi process. Methylene chloride and toluene were detected at low 
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Results of Field Investigations 

(<0.1 |ig/g) concentrations at various locations throughout the subsurface soils. Acetone was 
detected in six samples at concentrations ^ . 5 ng/g. 

4.5.6 Study Area 6-^ Southem TNT Manufacturing Area 

Study Area 6 was the Southem TNT Manufacturing Area where TNT was produced along 

four production lines. Soil samples collected during previous investigation activities were 

contaminated with TNT, 2,4-DNT, and 2,6-DNT (ESE 1993). , 

The area was sampled by Roy F. Weston on 50-foot grids and samples were field screened 

for explosives. Samples also were analyzed for lead. A screening criteria of 647 ng/g TNT was 

used as the guideline for remediation. Based on the Roy F. Weston investigation, portions of the 

study area that contained explosives concentrations exceeding 647 |ig/g were remediated to levels 

of 100 |ig/g of TNT. Figure 4-20 shows the areas of contaminated soils that have been excavated 

and remediated at Study Area 6. A total of 27,703 cubic yards of explosives-contaminated soils 

were excavated from the area (Weston 1996). Following remediation, confirmatory samples were 

collected just belbw the excavation depth to verify that remediation was adequate. 

As a followup to the remediation activities conducted by Roy F. Weston, five soil borings 
were placed adjacent to excavated areas dming Phase 1 of the Supplemental RI. Six samples from 
each of the five borings were screened for explosives in the field, beginning with the surface and 
proceeding from 1 to 30 feet at 5-foot intervals. Two samples (1- and 25-foot intervals) from each 
boring were sent to the laboratory for analysis of metals, explosives, VOCs, and SVOCs. One 
additional 1-foot BLS soil sample from location SB-06-011 was sent to the laboratory for VOC 
analysis. Two ofthe samples were analyzed for hexavalent chromium. 

The data summary tables for Study Area 6 are presented in Appendices K (SAIC) and L 
(Roy F. Weston). The Roy F. Weston data were combined with the data collected by SAIC during 
the Supplemental RI fbr evaluation. Tables 4-25 through 4-27 present summary statistics for the 
soil samples collected from Study Area 6. 
Figure 4-21 shows the locations where the 
general contaminant group CEBs (metals, 
SVOCs, VOCs, and explosives) were detected in 
Supplemental Rl samples collected at Study Area 
6. The lack of quadrants in a circle indicates that 
a soil sample was not collected at that interval. 

Metals—Lead was detected in all 298 

surface soil samples collected, at concentrations 

< 142 ng/g (see adj acent box). Lead was the only * Metals also determined to exceed badcground based on ANOVA 

metal analyzed for by Roy F. Weston. Lead was evaluation are shown in bold. 

detected at maximum concentrations of 380 and °̂  ^ °" 

Maximum Concentrations* I 
Analyte (pg/g) 

Barium 
Beryllium 
Calcium 
Cobalt 
Iron 

Lead" 
Magnesium 

1 Potassium 
1 Selenium 
1 Sodium 

0-t1fl 

. 142 

1-10fl 

10.8 

380 
1,600 
3,000 

. . 

>10tt 
133 
2.28 
711 

67,000 
72 

1,840 
3,730 
27.1 
94 
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Results of Field Investigations 
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c 
Table 4-2S. Suinmary Slallstics and Exposure Poinl Concenlratlons for Soil (0-<l ft BLS) at Study Area 6 - Southern TNT Manufacluring Area 

Alabama Army Ammunition Plant, Childersburg, Alabama 

RunTime: S:2]:06PM 

Run Due: 3/29/99 

Bnios»reUnh:06_SSl 

P inmeto ' 

Uad 
l.],J-Trinilnibenzene 

3.6-Dinitnilohicne 

2.Amino.4,6'Dbiitrotoluene 

Nitrobenzene 

Tetiyl 

Units 

M l / i 

f l /S 

MS'g 

»t/S 

CS'S 

Itt/t 

»t/S 

Pro|Kition o f Detects 

AD Samples' 

298 / 298 

1 / 298 

6 / 298 

, 1 / 2 9 8 

2 / 2 9 8 

1 / 2 9 8 

1 / 298 

Pfopotinn of Detects 

Temporal A Spalial 

S .mpk i ' 

298 / 298 

1 / 2 9 ! 

6 / 298. 

1 / 298 

2 / 2 9 8 

1 / 29S 

1 / 298 

. Frequency 

o f Detection' 

lOOK 

OS 

2% 

OS 

IS 

OS 
OS 

NonDclecis 

MinCRL ' 

--
0.30 

O.SO 

0.30 

0.50 

OSO 

0.50 

M i x CRT 

--
OSO 

OSO 

OSO 

0.50 

0.50 

OSO 

Detects 

Mininnini 

1.} 
.0.99 

070 

1.00 

1.4 

070 

0.70 

'« 
099 . 

I I 

l.OO 

5.J 

0.70 

0.70 

Aiilhmetic 

M m ' 
I I 

0.23 

0.31 

023 

027 

0.25 

0.25 

Standanl 

Deviation' 

15 

0.043 

0.63 

0.043 

0.30 

0.026 

0.026 

Distiibution' 

Lognonnai 

Lognonnai 

Lognormal 

Lognonnai 

Lognoimal 

Lognonnai 

9 5 S U C L o f 

ArilK Mean' 

11 
0.32 

0.28 

. 032 

026 

0.36 

0.36 

Exposure 

Poinl 

Concentnlion' 

I I 
0.32 

028 

032 

026 

0.36 

0.36 

2 x B K 

Mean' 

34 

Background 

Comparisori 

[CEB IANOVAI 

ICEB) 

ICEB] 

(CEBl 

(CEBl 

ICEDI 

(CEBl 

* For Uw'TropodKW of Delects - A l S tmpW" cohinm. counts were biscd on (he unavenged dau set 

^For the "Proportion o f Detecti - TemponI and Spsiial Santpks" and die "Frequency of Detection* cohmun. counts were based on Ihc averaged dala set (e.g., groundwater samples from the same weD were averaged). 

'CRL - contract reporting ItmiL 

* Nondetects were treated as one-half the detection Ibnit in the caiculalion o f the site and background (BK) anthmetic means, standard deviadon, and 93% upper confidence limil (UCL). 

* DistnbutioM fbr the calculation ofexposure poinl conccntrationB (EPCs): I ) Iffewer than 4 samples are available in the site dau sel. "UndeterniinnT is indicated and the 9S%UCL is calculated based on a lognonnai distribution. 2) ir the normal 

goodncss-of-fil tesl coefficieni is greater thari (he critical vahie, the distribuiiori b nomuL 3) If the tognormal goodness-of-fil test coefficient is greater than ihe critical value, lhe dbtribulion b lognormal. 4) Ifneilher o f the goodnes.<i-of-fii 

tcsl coefBctents b grealer than the criiical vahie. the distribution b assumed lo be bgnormaL 

' The EPC b &e 9S^^ UCL cf ths s.-itJsr.stic mcsn wi:h 2 exceptions: if thc 95% UCL exceeds lhe nuKimum detected value (datttcul by a "fT ne^i to ihe EPC) or Ihc s'uc daU set conuim fewer than 4 sampies, the maximum detected vahie b subsitutcd as Ihc tVC. 

' CEB (chemical exceeding background) - Ihe maximum detected resub b greater than or equal to two times Ihe background mean; bk (background) - ihe maximum detected tesub b less than iwo limes Ihe background mean; ANOVA - analysb o f variance 

determines thai the site and backpound dau sets come from the same poputaiioa 

- - Not applicable (note: background comparison not cofMhicled for organic compounds) 

I: 

at 



Table 4-26. Summary Slallstics and Exposure Point Concentrations for Soii (1-10 ft BLS) al Study Area 6 - Southern TNT Manufacturing Area 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Run Time: 5:23:06 PM 

Run Dale; 3/29/99 

Exposure Unit: 0 6 _ S S I 

Panmcter 

Ahiminum 

Anenic 

Barium 

Deiyllium 

Calcium 

Claoinium 

Cobah 

Copper 

Iron 

Lead 

Ma^Ksium 

Manganese 

Nickel 

Potassaim 

Vinadiom 

Zinc 

2,4,6-Trinitrotolucne 

Acetone 

Benzo(a)anihracene 

Benzo(a) pyrene 

Denzo(b)nuofBnthene 

Benzo(gAi)PCTy*ene 

BenK)(k)fhionnthene 

Fluoranlhene 

lndeno(l,2,3-c<l)p>rene 

P>ienc 

Tetiyl 

Toluene 

Total Organic Caibon 

Units 

M8/g 

MS'g 

M8/g 

»S/S 
pg/g 

pg ' t 

pg/g 

PC's 

pg'8 

Mg'g 

pg'g 

pg/g 

pg/g 

pg'g 

M8/g 

PCs 

p g ^ 

pg'g 

PCs 

pg'g 

Mg'g 

Mg/g 

Mg'g 

pg'g 

pg'g 

pg'g 

f l / t 

pg/g 

Vl/S 
pg/g 

Propoition OfDetects 

Al l Samples' 

38 / 41 

25 / 40 

2 / 40 

Pioponion o f Detects 

TemponI & Spatial 

Samples' 

5 / 5 

1 / 5 

5 / 5 

3 / 5 

3 / 5 

4 / 5 

2 / 5 

2 / 5 

5 / 5 

38 / 41 

5 / 5 

5 / 3 

3 / 3 

5 / 5 

5 / 5 

1 / 5 

25 / 40 

2 / 6 

1 / 5 

1 / 5 

1 / 5 

1 / 5 

1 / 5 

t / 5 

1 / 3 

1 / 5 

1 / 5 

2 / 40 

3 / 6 

3 / 5 

Frequency 

OfDeteclion' 

lOOS 

20S 

lOOS 

6 0 S 

lOOS 

80S 

40S 

4 0 S 

lOOS 

93S 

lOOS 

100% 

60S 

lOOS 

lOOS 

20S 

6 3 S 

33S 

20S 

20% 

20% 

20% 

20% 

20% 

20S 

20% 

20% 

5% 

50% 

6 0 S 

NonDetects 

M inCRL ' 

-. 
13 

--
025 

.-
30 

2.5 

3.4 

-• 
10.0 

-• 

7.5 

14 

0.089 

0043 

017 

024 

0.73 

025 

040 

027 

0.17 

0 1 7 

0.97 

O093 

0.0025 

IOOO 

MaxCRL' 

13 

0.25 

--
30 

2.5 

12 

•-
10.0 

--

7.5 

29 

0.50 

0043 

017 

0.24 

0.73 

025 

0.40 

0.27 

017 

017 

097 

0.69 

0.0025 

IOOO 

Detecu 

Mntmum 

8,300 

25 

12 

0.42 

242 

17 

I I 

I I 

18,000 

4.8 

175 

31 

9.7 

285 

25 

46 

0.17 

0.76 

047 

052 

1.4 

027 

056 

077 

098 

031 

l.l 

O70 

0.0023 

6,080 

Maximum 

23,000 

25 

62 

078 

934 

34 

11 

14 

34,000 

380 

1.600 

390 

12 

3.000 

76 

46 

36 

1.6 

047 

052 

1.4 

027 

056 

077 

0.98 

0.31 

l.l 

2.7 

0.026 

11,200 

Arithmetic 

M e » ' 

14.000 

10 

42 

0.39 

556 

22 

5.1 

6.8 

28.400 

27 

943 

184 

8.3 

1,724 

43 

17 

4.8 

0.41 

0 1 6 

0 2 0 

0.57 

0 1 5 

0.27 

0.26 

0 2 6 

013 

061 

0 3 0 

0.0059 

4,984 

Slandard 

Deviation' 

5,991 

8.4 

20 

028 

278 

8.2 

5.2 

5.5 

6,348 

62 

608 

ISO 

4.3 

1,136 

21 

17 

8.9 

065 

017 

. 0.18 

0.46 

0.065 

016 

0.28 

0.40 

OIO 

028 

0.40 

0.0099 

4,550 

Dhtribulion* 

Nonnal 

Lognomial 

Noimal 

Noimal 

Noimal 

Normal 

Lognormal 

Normal 

Normal 

Lognormal 

Nonnal 

Nonnal 

Nonnal 

Noima] 

Nonnal 

Lognonnai 

Lognomul 

Lognormal 

Lognormal 

Lognonnai 

Lognormal 

Lognormal 

Lognormal 

Lognonnai 

Lognomial 

Lognormal 

Lognoimal 

Lognoimal 

Lognonnai 

Noimal 

9 5 S UCLo f 

Arith. Mean' 

19,712 

28 

61 

065 

821 

30 

169 

12 

34,452 

28 

1,523 

327 

12 

2.807 

63 

82 

IS 

794 

072 

063 , . 

1.5 . 

024 

052 

1.2 

4.6 

033 

098 

037 

O068 

9J22 

Exposuie 

Poinl 

Concenlralion' 

19.712 

25 

61 

065 

821 

30 

11 

12 

34,000 

28 

1,523 

327 

12 

2.807 

63 

46 

15 

1.6 

0.47 

032 

1.4 

024 

052 

0.77 

0.98 

031 

0.98 

0.37 

O026 

9.322 

« 

« 

u 

« 

n 

« 
« 
« 
» 

» 
p 

tl 

tl 

2 x B K 

Mean' 

27,733 

42 

64 

O80 

2,475 

46 

7.0 

26 

52,000 

14 

1,399 

682 

21 

1.324 

96 

71 

--
.. 
--
.-
-. 
--

Background 

Comparisori 

(bk) 

(bkl 

(bkl 

(bk) 

(bk) 

(bk| 

(CEBIANOVA) 

(bk) 

(bk) 

(CEBl 

(CEBIANOVAI 

(bkl 

(bk) 

(CEBIANOVAI 

(bkl 

(bkl 

(CEDl 

(CEBl 

(CEBl 

(CEBl 

ICEBl 

(CEBl 

(CEBl 

(CEBl 

(CEBl 

ICEBl 

(CEB) 

ICEBl 

(CEBl 

(CEBl 

' For the "Proportion of Detects • Al Samples" column, counts were based on the unavenged dala set. 

'For Ihe "Proponion ofDetects • TemponI and Spatial Samples* and Ihe "Frequency of Detection* colimms, counts were based on the avenged data set (eg, groundwaier samples lrom Ihe same wcD were averaged). 

'CRL. contract reporting KmiL 

' Nondetects were treated as one-hajflhe detection limit in Ihe caiculalion ofthe slle and background (BK) arithmelic means, slandard deviation, and 95S upper confidence limit (UCL). 

' Dislribulions Ibr the calculation ofexposure point conccnlntiora (EPCs): Dif fewer than 4 samples are available in the site dau sel, "Undetenntned* a ndkaled and lhe 95SUCL is calculated based on a lognonnai dislribulion. 2) If the normal 

goodnessKitfil test caeKicient is grealer than the criiical vahie, Ihe distiibution is norma). - 3) If the lognonnai eoodncss.oFlil lest coclHciem is sealer than lhe criiical value, Ihe distribution is bgnonnal. 4) Ifneilher of the goodness-or-ru 

test coefficients is gieater than the critical vahie, lhe dbtribulion is assumed to be bgnoimal 

' The EPC B the 95S UCL ofdie arilhmetic mean with 2 cxoepliom: ifthe 95S UCLexcccds lhe maximum detected vahie (denoted by a "IT next to the EPC) or the site data scl contains timer than 4 samples, Ihe maximum detected vahie is substituted as the EPC. 

•CEB (chemical exceeding backgraund) • Ihe maximum ddected resull is gncaicr than or equal to two lima the bidignxind man; bk (background) • the maximum detected resull is less (han two tima Ihe background mean; ANOVA - analysis of variance 

deteimuia Ihal the site and background data seta come fiom the same population 

• . Not applicable (note: background comparison not conducted for organic compounds) 

r r 
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Table 4-27. Summary Stalisilcs and Exposure Poinl Concentraiions for Soil (>10 ft BLS) al Sludy Area 6 - Southern TNT Manufacturing Area 
Alabama Army Ammunilion Plant, Chlldersburgi'Alabama 

n 
o 
3 

Run rune: 5:2306 PM 

Run Dare: 3/29/99 Proportion orDelecis Proponkm of Dclectt Exposure 

Exposure Unil: 0 6 _ S S I 

Parameler 

Ahuninum 

Barium 

BeiyUium , 

Calcium 

Chromium 

Coball 

Copper 

Iron 

Lead 

Magnesium 

Manganse 

Mercury 

K K M 

Seleniom 

Sodium 

Vanadium 

1.3.5-trinilrobenzenc 

2.4.6-Trinilrotohiene 

Acetone 

Benzoic Acid 

Ethylbeniefic 

Toluene 

Al l Sampia' 

Uints 

Mg/g •: 5 / 3 

pg'g ' 5 / 5 

p j /g 4 / 5 

pg'g 2 / 5 

" MS'g 5 / 3 

MB'g 4 / 3 

• pg'g 4 / 3 

MS'g . 5 / 5 

MVk 3 / 7 

M«/g 5 / 3 

. M » * 3 / 3 

Mg/g . 1 / 5 

pg'g 3 / 5 

pg'g - 5 / 5 

Mg'g 1 / 5 

pg/g 2 / 3 

pg/g . 5 / 5 

Mg'g 1 / 3 

M8/k 4 / 7 

MS'g 4 / 5 ' 

Pg% 2 / 5 . 

' M./g t / 3 ^ 

Mg'g 1 / 5 

pg/g 1 / 5 

Temporal ft Spsiial Frequency 

Samples' ofDnecl ton ' 

5 / 5 loos 

5 /. 5 100% 

4 / 5 80S 

2 / 5 40S 

5 / 5 lOOS 

4 / 5 - 80% 

4 / 5 80% 

3 / 5 100% 

3 / 7 43% 

3 / 3 l o o s 

5 / 5 l o o s . 

1 / 5 20S 

3 / 5 6 0 S 

5 / 5 lOOS 

1 / 5 2 0 S 

2 / 5 40% 

3 / 5 100% 

1 / 5 20% 

4 / 7 57% 

4 / 5 80% 

2 / 3 40% 

1 / 5 20% 

r 1 / 5 20S . 

1 / 5 20S ' 

NonDclccls 

MinCRL ' 

--

0.25 

109 

2.5 

6.8 

10.0 

-. 
0.087 

7.5 

12 

SO 

.. 
0.084 

0.089 

0.056 

0045 

0.92 

00025 

0.0025 

MaxCRL' 

-. 
--

023 

109 

2.5 

6.8 

10.0 

--
0.087 

7.5 

.-
12 

50 

.. 
0084 

OSO 

0056 

0.067 

0.92 

0.0025 

0.0025 

Detects 

Minimum 

5,880 

17 

0.46 

322 

I I 

':« 
I I 

12,000 

6.9 . 

320 

32 

0 1 6 

I I 

637 

27 

77 

12 

l . l 

0 1 6 

022 

O025 

5.2 

0.015 

' 0.0023 

Maximum 

20.000 

133 

2.3 

711 

23 

18 

33 

67,()0() 

. 72 

1,840 

370 

0.16 

42 

3,730 

27 

94 

53 

l. l 

I I 

1.4 

013 

5.2 ' 

0.015 

0.0023 

Arithmetic 

Mean' 

12.176 • 

53 

. ' 1.2 

239 

16 

*.* 
; 17 

33.200 

20 

1,094 

259 

0.068 

17 • 

2,047 

10 

49 

30 

0 2 6 . 

2.2 

oiso 
0.047 

1.4 

0.0040 

0^0015 

Slandanl 

Devialkm' 

6.751 

47 

1.0 

288 

5.5 

5.9 

I I 

21.253 

26 

669 

272 

0.054 

16 

1,415 . 

9.3 

34 

15 

0.48 

4.0 

0 5 5 -

0.047 

2.1 

0.0061 

000047 

I 

Dbtl i lwtion 

Nomiai 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Lognomul, 

Nonnal 

Nonnal 

Lognotmal 

Nonnal 

Nonnal 

Lognoimal 

. Nonnal 

Nonnal 

Lognonnai 

Lognormal 

Nonnal 

Lognonnai 

Lognoimal. 

Lognoimal 

Lognormal 

9 5 S U C L o f 

Arilh. M a n ' 

18.613 

98 

2.2! 

9,978 

21 

14 

27 

53,463 

141 

1,732 

518 

018 

33 

3,396 

33 

81 

..: ** 
40 

. 1,635 

1.0 

0 2 0 

24 

0.076 

0:0020 

Point 

Concentration 

l 8 / i l 3 

98 

2.2 

711 

21 

14 

27 

53.463 

72 

1.732 

518 

0 1 6 

33 

3,396 

27 

81 

44 

l . l 

11 

1.0 

013 •• 

5.2 

0.013 

00020 

• 

p 

» 
. 

H 

t 

« 

» 
» 
« 

2 x B K 

Mean' 

27.567 

41 

089 

• 257 

53 

58 

56 

57,000 

32 

867 

1.331 

0.36 

46 

.1,206 

.. 

.. 
92 

--
--
--
--

Background 

Comparisoi^ 

Ibk) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(bkl 

Ibkl 

(bkl 

(CEBIANOVAI 

(CEBIANOVAI 

(CEB IANOVAI 

(bkl 

Ibk l 

(bkl 

(CEBIANOVA) 

ICEBl 

(CEBl 

(bkl 

(CEBl 

ICEBl 

ICEBl 

ICEBl 

ICEBl 

(CEBl 

(CEB l ' 

' F o r the "Proportion o f Detects- A l Samples'cohmui, counts were based on the unaveraged data set 

For the "Proportion o f Detects - Temporal and Spalial Samples" and the "Frequency of Detection" columns, couns were based on the averaged dala set (e.g., groundwata samples from the same weO were averaged). 

^ R L - contract icporttng nmtt. 

' Nondetects were treated as one-half lhe detection limit bt the calculation ofthe site and background (BK) arilhmetic means, standaid deviation, and 95% upper confidence limit (UCL). 

* Dbtributions for Ihe calculation ofexposure poim oonccntrations (EPCs): 1) Iffewer than 4 samples ore available in the site data set. lAtdctermincd" b hdicated and the 9S%UCL u calculated based on a lopunnal dbtributioa 2) If the normal 

goodness-of-fh test coefficient b greater ihan lhe critical vahie, the distrdnitton b normaL 3) If the tognormal goodness^f-fit lest coefTicient b ^eater than the criiical vahte, the dbtribution b tognormal. 4) I f neither of the goodness-of-fii 

teat coefficients b pcaicr than Ihe crttical vahie, lhe dbtribution b assumed to be bgnonruL 

' The EPC b fhe 9SH UCLo f tfie arillmelic mean with 2 exceptions: i f the 95% UCLexcccds tfie mixinuim detected value (denoted by a "0" next lo the EPC) or the site data set oonttins fewer Uan 4 samples, the maximum detected value b subslituted as ihc EPC. 

' C E B (chemical exceeding background) - the maximum detected resub b peaier ihan or equal to ttvo times tfie background mean: bk (backgound) - tfie maxtmmn detecied resull b less tfian two times tfie background ntean; ANOVA - analysb o f variance 

. determines tfai tfie site and background data sets come from tfie same populaiioa 

• - Hot appficabte (note: background compuison not conducted fbr oiganic cdmpoundi) 

>3 

I: 

f 
on 

t' 
•s 
o • 
o 
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Results of Field Investigations 

72 |ig/g in shallow and deep subsurface samples, respectively. The maximum lead concentrations 
in all three soil intervals were detected.in samples collected by Roy F. Weston before the 
Supplemental RI . Selenium was detected in one ofthe five deep subsurface samples (>10 feet) 
collected during the Supplemental RI at 27.1 jig/g. The maximum concentrations of metals that 
exceeded background at Study Area 6 are also listed in the box adjacent to the beginning of this 
paragraph. 

Maximum Concentrations I 
Analyte (ijg/g) 

1,3,5-TNB 
TNT . 
2,4-DNT 
2,6-DNT 
2-A4,6-DNT 
Nitrobenzene 
Tetryl 

(Kin 

10.7 

1 
5.26 
0.7 
0.7 

1-IOft 

36 

2.7 

>10ft 
1.12* 
11 

1.43* 

-

All data are from Roy F. Weston except for those marked with a "". 
These data are from the Supplemental Rl. 

Explosives—Data collected by Roy F. 
Weston following the excavation of soils 
indicated that no explosives remain in soils at 
concentrations greater than the remediation 
criteria (100 ^g/g TNT). The maximum 
concentrations of explosives detected at Study 
Area 6 are listed in the adjacent box. The highest 
concentration of TNT in surface ; soil . was 
10.7 |ig/g; this explosive was detected in 6 ofthe 
298 samples analyzed. The TNT breakdown 
product 2-Ar4,6-DNT was detected in two surface soil samples at a maximum concentration of 
5.26 |ig/g. Tetryl and nitrobenzene each were detected in one surface soil sample, both at 0.7 ng/g. 
Of the 30 screening samples collected from subsurface soils during the Supplemental RI; the 
maximum concentration of explosives detected was 7.6 |ig/g. 

Four explosives (TNT, 2,4-DNT, tetryl, and 1,3,5^TNB) were detected in subsurface soil 
samples that were collected for confirmatory analysis. The mjiximum TNT concentration detected 
in shallow subsurface soils was 36 ng/g. TNT was detected in 29 of 47 subsurface soil samples. 
Tetryl was detected at <2.7 |ag/g in two shallow subsurface soil samples. 2,4-DNT was detected in 
four ofthe five samples collected at depths greater than 10 feet, with a maximum concentration 
(1.43 ng/g) in tiie 25-foot interval at location SB-06-^I2. 1,3,5-TNB was detected in a single 
sample (SB-06-012) at the same 25-foot iritervai at 1.12 \xg/g. 

KOCs—Three VOCs were detected in the 
Study Area 6 subsurface soils and are listed in the 
adjacent box. Acetone was detected in four 
subsurface soil samples at a maximum 
concentration of 1.6 ng/g. Ethylbenzene vvas 
detected in only one sample (SB-06-012; 25 feet BLS). Toluene was detected in three shallow 
subsurface samples and one deep subsurface sample. • 

Maximum Concentrations | 

Analyte (Mfl/g) 
Acetone 
Ethylbenzene . 
Toluene 

o-cin i-i(m 
1.6 

0.026 

>10ft 
0.13 
0.015 
0.0023 
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Maximum Concentrations' | 
Analyte (ug/g) 

Benzo(a)anth racene 
Benzo(a)pyrene 
Benzofblfluoranthene 
Benzo(g,h,i)perylene 
Benzo(l()fluoranthene 

Benzoic Add 
Chrysene 
Fluoranthene 
lndeno(1,2,3-cd)pyrene 
Pyrene 

(Kl f l MOft 
0.47 
0.52 
1.4 

0.27 
0.56 

0.77 
0.98 
0.31 

• 1.1 

>10ft 

5.2 

SVOCs—^Nine PAHs and benzoic acid 
were detected in the Study Area 6 subsurface 
soils and are listed in the adjacent box. These 
PAHs were detected in one sample at the 1-foot 
interval (SB-06-012). Concentrations ranged 
from 0.27 ng/g for benzo(g,h,i)perylene to 
1.4 ng/g for benzo(b)fluoranthene. Benzoic acid 
was detected in one deep subsurface sample 
(SB-06-012; 25 feet BLS). 

Summary—Study Area 6 is a former manufacturing area for TNT. Previous investigations 
determined that the area contained explosives contamination in the soils. Roy F. Weston performed 
remediation activities at this study area and excavated 27,703 cubic yards of explosives-
contaminated soils. Confirmatory sampling results indicate that no explosives remain in the soil at 
concentrations greater than 100 ng/g TNT. Lead remains in the soil at concentrations <380 ng/g-
Three VOCs (acetone, ethylbenzene, and toluene) were detected in the Study Area 6 soils, but 
results did not indicate a pattem of contamination. PAHs were detected in the soils at a total 
concentration of less than 7 ng/g- The presence of PAHs in the soil may be attributable to the 
buming of buildings in the area. 

4.5.7 Study Area 7 - Northem TNT Manufacturing Area 

Study Area 7 is the Northern TNT Manufacturing Area, which consisted of four TNT lines 
and one DNT manufacturing line. Previous soil sampling data indicated the presence of TNT and 
DNT (ESE 1993). 

The entire area was sampled by Roy F. Weston on 50-foot grids and samples were screened 
for explosives. Samples also were analyzed for lead. A screening criteria of 647 ng/g TNT was 
used as the guideline for remediation. Based on the Roy F. Weston investigation, portions of the 
study area that contained explosives contamination exceeding 647 ng/g TNT were remediated to 
levels of 100 ng/g of TNT. Figure 4-22 shows the areas of contaminated soils that have been 
excavated and remediated at Study Area 7. A total Of 17,120 cubic yards of explosives-
contaminated soils were excavated from this area (Weston 1996). Following remediation, 
confirmatory samples were collected just below the excavation depth to verify that remediation was 
adequate. 

During Phase 1 of the Supplemental RI, five soil borings were placed adjacent to 
remediated areas in this study area. Twenty-seven samples were screened for explosives in the 
field. Ten subsurface samples from the five borings were sent to the laboratory for confirmatory 
analysis of metals, explosives, VOCs, and SVOCs. One additional subsurface sample was analyzed 
for VOCs only. Two ofthe samples were analyzed for hexavalent chromium. 
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NOTE: 
DRAWINGS ARE APPROXIMATELY SCALED BASED UPON 
PREVIOUS INVESTIGATIVE REPORTS PREPARED BY ESE INC., 
AND A SITE PLAN PREPARED FOR ALABAMA ORDNANCE 
WORKS (SANITARY & INDUSTRIAL WASTE SEWERAGE PUNT 
NO. 2, 1946). SITE FEATURES AND OTHER INFORMATION 
PROVIDED IN THIS DRAWING WILL BE VERIFIED DURING THE 
SITE SURVEY AND SUBSEQUENT REMEDIAL ACTIVITIES. ^ 
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Source: Weston 1995 
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100' 300' 

Typical Grid 200' 400' 
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Areas of Excavation at Study Area 7 

Figure No. 

4-22 
Project No. 

01-0827-03-8178-045 

File Name 

99015\DWGS\E42F4-17 

Date 

03-31-99 
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The Roy F. Weston data were combined with the data collected by SAIC during the 
\ ^ Supplemental RI for evaluation. The data summary tables for Study Area 7 are presented in 

Appendices K (SAIC) and L (Roy F. Weston). Tables 4-28 tiirough 4-30 present summary 
statistics for the soil samples collected from Study Area 7. Figure 4-21 shows the locations where 
the general contaminant group CEBs (metals, SVOCs, VOCs, and explosives) were detected in 
Supplemental RI samples collected at Study Area 7. The lack of quadrants in a circle indicates that 
a soil sample was not collected at that interval. 

w 

Metals—Lead, the only metal analyzed 
for by Roy F. Weston, was detected in all except 
one surface soil sample. The maximum detected 
concentration is listed in the adjacent box. 
Although siuface soil lead concentrations 
exceeded background, lead coricentrations were 
less than 100 ng/g in surface soils where 
excavation took place. 

Thirteen metals were detected at Study 
Area 7 at concentrations exceeding background in 
subsurface soils (listed in the adjacent box). Lead 
concentrations in shallow and deep subsurface 
soils, including excavation confirmatory samples, 
were all <200 ng/g- The highest concentration of 
barium was detected in SB-07-018 (see Figure 4-21) at the 1-foot interval at 173 ng/g- The 
concentration of barium detected in the 25-foot intierval of this boring was 50.8 ng/g- Berylliimi 
concentrations increased from the 1-foot BLS samples to the deeper samples in all five 
Supplemental RI borings. 

Maximum Concentrations* i 

AnaWehiflta) 
Aluminum 
Barium 
Bervllium 
Calcium 
Cobalt 

Lead 
Maqnesium 
Manqanese 
Niclcel 
Potassium 
Sodium 
Vanadium 

Zinc 

0-e1fl 

98" 

MOft 
37,000 

173 
1.73 

.3,360 
-. • 7 .27 • 

20(r 

1,470 
2,100 

.1;840 
72 
99 
103 . 

>10ft 
28,000 
50.8 
4.98 
1,970 

38 
2,170 
1,800 
53.4 
1,450 

74 

* Metals also determined to exceed badcground based on ANOVA 
evaluation are shown In bold. 
** Roy F. Weston data. 

Explosives—^Data collected by Roy F. 
Weston following the excavation of soils 
indicated that TNT was removed to 
concentrations of <100 ng/g- Surface and 
subsurface concentrations of TNT were all 
<76 ng/g- Five other explosives compounds were 
detected in the soils that remain at Study Area 7, 
as indicated in the adjacent box. 2,4-DNT was 

Maximum Concentrations*, | 
Analyte (gg/g) 

1,3,5-TNB 

TNT 
2,4-DNT 
.2,6-DNT 

Nitrobenzene 
Tetrvl -

(K l f t 
1.05 
38.7 
26.7 
16.1 
2.39 
2.06 

MOft 
1.5 

76 

>10ft 

17 

* All data are from Roy F. Weston. 

detected in three ofthe surface soil saniples at a maximum concentration of 26.7 ng/g- 2,6-DNT 
was detected in two surface soil samples at a maximum concentration of 16.1 ng/g- 2,4-DNT and 
2,6-DNT were not detected in the subsurface soil. 1,3,5TTNB, nitrobenzene, and tetryl were 
detected at concentrations <3 ng/g in surface soils. 

W 

Final RI Report 4-97 August 2001 



Table 4-28. Summary Statistics and Exposure Point Concentraiions for Soil (0-<l fl BLS) at Sludy Area 7 - Nortliern TNT Manufacturing Area 
Alabaina Army Ammunition Plant, Childersburg, Alabama 

n 
•a o 
3 

RunTime: S:2S:SBPM 

Run Dale: 3/M/99 

Exposure VWl :07_SSt 

Parameler ' Units 

Propoition o f Detecu Propoflion ofDetects Exposure 

A l tSampW TempofSl&Spsttal Frequerty ' NonDetects Detects Aiithmetic Standard 95% LCL o f Poinl 

Sampled ofDeteclion* M inCRL ' MaxCRL ' Mtaimum Maiimum Mean' Deviation^ Dbtribulion' A i i t h Mean' Concentration' 

2 x B K 

Mean' 

M 

--
•-

• • 

--

Badcpound 

Comparison^ 

I C E D I A N O V A l 

(CEBl 

(CEB) • 

ICEB) 

(CEBl 

(CEB) 

(CEBl 

Leid 

1.3 ̂ -Tnn i trobenzene 

2,4,6-TrinttTOiohiene 

2,4-Dinilrotoluene 

2.6-Dmitrotoluene 

Nitro twnzenc 

Tecy) 

MS'g 

MS'I 

CS'S 

MS'g 

MS'g 

MS'g 

I M i 

I 155 

/ 155 

/ 135 

/ 155 

/ 155 

/ 155 

154 

5 

] 

2 

' • ? ' 
/ 155 

/ J 55 

/ 155 

/ 155 

I 155 

' 155 

99% 

1 % 

3S 

2% 

I S 

1% 

I S . 

SO 

O.SO 

0.50 

0.50 

O.SO 

0.30 . 

0..S0 

SO 

0.50 

0..S0 

0.30 

0.30 

O.SO 

0.50 

4.J 

l . l 

070 

1.2 

l.l 

2.4 

OTO 

21 
0.26 

053 
0.43 

0.36: 

026 

0.26 

lg 

0.064 

3.1 
2.1 
1.3 

017 

0.15 

Lognorma) 

Lognoimal 

Logpormal . 

Lognormal 

Lognonnai 

Lognotmal 

Lognonnai 

23 

0.26 

0.33 

0.30 

0.29 

0.26 

0.27 

23 

0.26 

0.33 

0.30 

0.29 

0.26 

0.27 

OO 

* For Ihc "Propoftion or Delects • AB Samples* column, counts were based on ibe unavenged data set 

* For Ihe "Piopoilian o f Detects - Tempoial and Spatial Sampia 'and the Tn<)Uenc]r o f Detection* columns, counts weie based on Ihe aveitgcd dala tet ( e t , ginundwaler s ^ 

'CRL-contract reporting limit. 

' Nondetects were trealcd as one-half Ihe detection limit in lhe calculation o f the site and badcground (BK) arithmetic means, standard deviation, and 93% upper confidence Ihnil (UCL). 

' Distributions for lhe caiculalion ofexposure poinl oonoentralions (EPCs): I ) Iffewer Ihan 4 umples are n t i lab le in Ihe tite data set, 'Vndeteimined* is indicaud an) the 93%UCLi9 calcubtcd based on a lognoimal distribution. 2) I f lhe nonnal 

goodnessKif-fit IS I coeflicient b greater than Ihe oi t ical value, die distribulion is nonnal 3) I f lhe lognonnai goodnessHtf-fil test coeflicienl is ^ c a l i r than the critical value, the dislribulion n lognornial. 4)lfneilherorihegoadness.of-nt 

lesl ooeflicichts B greater than the critica] vahie, die distiibulion ia assumed 10 be bgnonnaL 

' The EPC i i die 95% UCL o f d * aridimetic mean widi 2 exceptions: i r d x 9 5 S UCL exceeds d c maxhnum detected vahie (denoted by a TT nexl lo die EPC) or the site data set conains fewer dan 4 samplea, lhe maximum detected value is sobstihiled as die EPC. 

•CEB (chemical eiceedhg background) - die maxunum detected resull l i greater dian or equal to Iwo limes d « background mean; bk (background) - the maximum detecied result is less d m two times dc background mean; ANOVA • analysis o f variance 

determines dial'die site and background daU sets come from die same pofNilalioa 

* ' Not applicable (nole: background comparison not conducted for organic compounds) 
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Table 4-29. Summary Statistics and Eiposure Point Concentrations for Soli (l-IO ft BLS) at Sludy Area 7 - Norliiern TNT Manufacturing Area 
Alabama Army Ammunition Plant, Childersburg, Alabama 

n •a o 

Run Thne: 5:25:58 PM 

Run Date: 3/29/99 

Eiposure Unit: 0 7 _ S S I 

Pnamete r Units 

MS'g 

MS'g 

MS'g 

MB'g 

MB'g 

MB'g 

Mg'g 

M f g ' 

Mg'g 

Mg'g 

MS'g 

Mg'g 

MS'g 

MB'g 

W'g 
Mg'g 

MS'g 

Mg'g 

MS'g 

MS'g 

MS'g 

MB'g 

MS'g 

Propofinn o f Delects 

AD Samples' 

6 / 6 

6 / 6 

6 / 6 

6 / 6 

4 / 6 

3 ' « 

6 / 6 

' 6 / 6 

35 ' 36 

6 / 6 

' 6 1 6 

4 / 6 

6 / 6 

1 / 6 

't • 6 / 6 

5 / '6 • '• 

2 / 14 

IS / 33 

3 / 7 

1 / 6 

1 / 7 

4 / 7 

5 / 6 

Proportnn of Detects 

Temporal & Spalial 

Sampia' 

' i s /.36 

2 / 14 

IS / 3) 

Frntuency 

ofOeKction' 

100% 

100% 

lOOS 

100% 

67% 

50% 

IOO*/. 

100% 

97% 

100% 

100% 

67% 

100% 

I T S 

100% 

83% 

14% 

45% 

43% 

17% 

14% 

57% 

83% 

NonDctects 

M inCRL ' 

.. 

.. 

.. 

.. 
56 

2.5 

.. 

IOO 

--
--
7.5 

- • 

SO 

--
27 

0.084 

0.089 

OOI 8 

033 

0.0062 

O0025 

IOOO 

MaxCRL* 

.. 
--
--
.. 
90 

2.5 

--
10.0 

--

7.5 

--
50 

--
27 

0.25 

0.50 

0.045 

0.35 

0.0062 

0.002S 

IOOO 

Detects 

Mininium 

12,000 

30 

0.38 

894 

23 

6.2 

5.2 

20.00(1 

4.1 ' 

368 

113 

9.8 • 

370 

72 

40 

27 

0.44 

O30 

0.049 

2.0 

0.0073 

0.0016 

4.640 

Maximum 

37.000 

173 

1.7 

)M> 
41 

7.3 

17 

30,000 

200 

1.470 

2,100 

18 

1,840 

72 

99 

103 

1.5 

76 

0.28 

2.0 

O0073. 

0.0099 

16.700 

Arithmetic 

M a i f 
22.833 

88 

0.83 

1.671 

32 

4.1 

12 

25.500 

37 

I.02S 

704 

10 

1.061 

33 

56 

46 

0.21 

7.2 

0.087 

0.48 

0.0037 

0.0030 

8.422 

. Standanl 

Deviation' 

8.208 

43 

0.48 

936 

9.0 

3.1 

4.2 

4,087 

43 

393 

711 

5.6 

313 

19 

22 

31 

0.39 

17 

O. l l 

0.75 

0.0016 

O003I 

5.536 

Dbtribution' 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Lognonnai 

Noimal 

Nonnat 

Lognonnai 

Nonnal 

Lognoimal 

Nonnal 

Normal 

Lognonnai 

•.ognoimal 

Nocmal 

Lognormal 

Lognonnai 

Lognomial 

Locnormal 

Lognoimal 

Lognonnai 

Nonnal 

93% UCLof 

Ar id i Mean' 

29J85 

123 

1.2 

2.440 

40 

23 

16 

28.862 

31 

1.348 

4.228 

13 

1,483 

33 

78 

71 

0.40 

62 

0.97 

2.7 

O0049 

0.0078 

12,973 

Exposure 

Point 

Concentnlion' 

29.585 

123 

1.2 

2,440 

40 

7.3 H 

16 

28.862 

51 

1,348 

2,100 « 

IS 

1,485 

33 

78 

71 

0.40 

62 

028 « 

2.0 « 

O0O49 

O0078 

12,975 

2 x B K 

Mean' 

27,733 

64 

0.80 

2,473 

46 

7.0 

26 

52.000 

14 

1,399 

682 

21 

1.324 

--
96 

71 

.. 
--

--
--
.-

Background 

Comparvof/ 

(CEBIANOVAI 

(CEBl 

(CEBIANOVAI 

(CEBIANOVA) 

(bkl 

(CEBIANOVAI 

[bkl 

(bkl 

(CEBl 

[CEBIANOVAI 

(CEBIANOVAI 

Ibk) 

(CEBIANOVAI 

(CEBl 

(CEBIANOVA) 

(CUBIANOVA) 

[CEB) 

(CEB) 

ICEB) 

(COB) 

(CEB) 

(CEB) 

(CEB) 

Aliimtnum 

Barum 

Beiyllfuin 

CalcTum 

Chnamium 

Coball 

Copper 

IroD' 

Letd 

Manganese ' 

NJckd 

Potus'um 

Sodhim 

Vanidhim 

Zinc 

1.3t5-TrinItn)benzene 

2,4^6-Trinitro(ohiene 

Acttone 

Diethyl Phihilale 

Methylene CHonde 

Toluene 

Total Organic Carbon 

' For the "Trofionkm of Detects - A l Samples" cohmm, counts were based on (he unaveraged d a a SCL 

^ For the "Proportion ofDetects - TemponI end Spatial Samplea" and the Trequency of Oetection" cofamua, counts were based on the averaged d a u tet (e.g., groundwater samples from the same wefl were awraged). 

CRL-con t r ac t reporting KmtL , '' . ' 

'Nonde tec t s were treated as one-half the detection Kmit hi the calculation of (he site and bacitground (BK) arithmetic means, standard deviation, and 9 5 % upper confidence limit (UCL). 

* Dtstrftutiom (br the calculation ofexposure poinl ooncentialions (EPCs): I ) Iffewer (han 4 samples are available in the site data set, ^indetermTned" b indicaled and the 9S%UCL is calcubled based on a lognormal dbtribulion. 2) If (he nonnal 

goodness-offit tcsl cocflfcieitl b p e s t e r than the critical vahiei die dislribulion b normaL 3) Ifdie lognormal goodncas-ofrfii test coefficieni b greater than die critical vahie, the dbtribution b lognomul. 4) Ifneither of (he goodness-of-fli 

test coefficients b p r a t e r than lhe critical vahie, the dbtrftotion b assumed to be bgnormal. 

' The EPC 6 thc 9 5 % UCL of the arithmetic mean with 2 exceptions: iflhe 9 5 % UCL exceeds the maxunum detected vahte (denoted by a "IT next lo the EPC) or ihe site d a u set contahs fewer than 4 samples, the maximum detected value b subslkutcd as the EPC. 

' CEB (chemical exceeding badcground) - the maximum detected resub b greater than or equal lo two limes Ihe badcground mean; Uc (badcgnwnd) • (he maximum detected resull b kss Ihan two limes die background mean; ANOVA • analysb of variance 

detennines Ihat die stte and background d a u sets oome ftom the same population. 

- - Nol applicable (note: background oomparbon rot conducled for organic compounds) 
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Table 4-30. Summary SlatUllcg and Expogure Point Concentradong for Soil (>10 ft BLS) at Study Area 7 • Northern TNT Manufacturing Area 
Aiabama Army Ammunition Plant, Cliildergburg, Alabama 

o 
Run Tinw. 3:23.38 PM 

O 

o 

Run Date: 3/29/99 

Exposure l » i i l : 07_SS I 

Panmetcr 

Abmiraim 

AneiBC -

Baiium 

Beiyllium 

Calctum 

Chromium 

Coball 

Copper 

hon 

Lead 

Mapwsium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Vanadium 

Zine 

Pioptntlon 

AD San 

Unils 

Mg'S 4 / 

Mg'g 1 / 

Mg'g 4 / 

Mg/g 4 / 

Mg'g i ' 

Mg/g 2 / 

Mg'S J / 

Mg'g < ' 

Mg'g 4 / 

Ml/g 9 / 

MS'g 4 / 

Mg'g 4 / 

Mg'g • ' 

Mg'g 4 / 

Mg'g 4 / 

MB'g 1 / 

Mg'g 4 / 

Mg'g i 1 

f t / i 5 / 

>f Detects Pio)ionkxi of Detects 

plea' TemponUA Spatial 

Samplea' 

Frequency 

ofDetcctkm' 

lOOS 

23% 

lOOH 

lOOK 

7314 

50% 

75% 

100% 

100% 

100% 

100% 

100% 

25% 

100% 

100% 

25% 

100% 

75% 

56% 

NonDetects 

M inCRL ' 

.. 
13 

-. 
.. 
109 

17 

2.3 

--
.-
--
-. 
--

0.087 

--
30 

--
53 

O089 

MaxCRL' 

.. 
13 

.. 

.. 
109 

36 

2.3 

--
.-
--

0.087 

--
-• 
50 

33 

0.089 

Detects 

MiHmum 

12.000 

17 

29 

1.9 

772 

33 

8.5 

IS 

33,000 

9.1 

656 

274 

0.13 

IS 

785 

74 

46 

57 

2.1 

Maximum 

28.000 

17 

51 

5.0 

1,970 

38 

54 

24 

38,000 

38 

2.170 

1.800 

0.13 

53 

1,450 

74 

65 

79 

17 

Arithmetic 

Mean' 

20,000 

9.0 

39 

3.9 

1,089 

24 

22 

19 

36J00 

24 

1.162 

684 

0.064 

32 

1.129 

37 

54 

39 

3.3 

Standanl 

Deviation' 

6,733 

3.3 

12 

1.4 

850 

14 

23 

4.2 

2,380 

9.3 

684 

743 

0.042 

16 

273 

24 

8.1 

24 

$.3 

Distribution' 

Nonnal 

Lognonnai 

Nornial 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Lognotmal 

Lognoimal 

Nonnal 

Nonnal 

Lognonnai 

Noimal 

Nonnal 

Lognonnai 

93% UCLo f 

Ari lK Mean' 

27.923 

26 

33 

3.3 

2,090 

41 

49 

24 

39,301 

30 

1.967 

14.691 

0.22 

32 

1.450 

127 

63 

87 

7,219 

Exposure 

Point 

Concentnlion 

27,923 

17 

31 

3.0 

1,970 

38 

49 

24 

38,000 

30 

1,967 

1,800 

0.13 

32 

1,4.̂ 0 

74 

63 

79 

17 

• 
» 
# 
« 
» 

» 
« 

n 

» 

« 

» 
« 

2 x B K 

Mean' 

27,567 

52 

41 

0.89 

257 

53 

38 

36 

37.000 

32 

867 

1.331 

0.35 

46 

1.206 

92 

104 

.-

Background 

Comparisoi/ 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

(CEB) 

(CEBIANOVA) 

(bkl 

[bkl 

(bkj 

[bkl 

(CEBIANOVAI 

(CEBIANOVAI 

(CEBIANOVAI 

(bkl 

(CEBIANOVAI 

(CEBIANOVA) 

(CEB) 

(bk) 

' (bk) 

(CEB) 

' For the Tropoit ion o f Detects - AB Samples'* column, counis were based on the unavenged dala set. 

' For Ihe "Proponkm of i^lects - Tempoial and Spatial Samples* and the Trequency o f Detection" columm, counts wcse based on the arcn«cd d a u set (e.g, gnwndwater samples ^ ^ 

'CRL • contract tcponing limiL 

' Nondetects were t ro icd as ore-half the detection limit in (he alculation of die site and background (BK) arilhmetic means, standaid deviation, and 93% upper confidence limit (UCLX 

' Dtstributions for Ihe calculation ofexposure point concentrations (EPCs): I ) I f fewer Ihan 4 samples are avaibbie in the sile dau set, TJndeleimined" is imllcalcd and the 93SUCL is calculated based on a kignonnal distribulioa 2) I f the nomul 

goodnesSHl^iit Icst coefficient is pealer ihan die critical vahie, die distribulion is nornial. 3) I fd ie lognonnai gaodness.o(^lit lest coeflicienl b pealei than the criiical value, die distribulion a tognoima]. 4) I f neither of Ihe goodncss-of-fil 

test coefficients is greater dun die critical value, dw distribution is assumed to be bgnonnaL 

'The EPC b die 95% UCLo f die aridmietic mean widi 2 exceplions: I f Uie 95% UCLexcccds Uie maximum detected value (denoted (^ a "« " nexl lo die EPC) or de sKe data sel conuins fewer Uan 4 samples, the niaximum detected vahie is subslituted as the EPC. 

•CEB (diemlcal exceeding background) - Uie niaximum detecied resull is greater dian or equal to two Isnca die background mean; bk (background) - )he maximum detected result b less Ihan two limes the background mean; ANOVA - analysb o f variance 

dcteimines dial die site and backgrotmd dau sets come Gom die same populalkm. 

- - Nol applicable (note: background comparison not conducted for organic compounds) 
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Results of Field Investigations 

J J 

Maximum Concentratioris fl 
Analvte (gg/g) 

Acetone 
Methylene Ghloride 
Toluene 

0^1ft 
• - • • ' 

\ 

MOft 
>0.28 
0.0073 
0.0099 

>i(m 1 

1 
1 
u 

Of the 27 screening samples collected from subsurface soils during the Supplemental Rl, 
the maximum concentration of explosives detected was 5.0 |ig/g. Explosives were not detected in 
any ofthe subsurface confirmatory soil samples collected during the Supplemental RI. '• 

VOCs—VOCs were detected in 7 of 11 , 
Supplemental RI samples; The maximum 
concentrations of VOCs detected are listed in the 
adjacent box. VOGs are limited to the shallow 
subsurface soils and show no indication of 
migration. Acetone was detected in three 
samples, with the highest concentrations (>0.2 îg/g) in the 1- and 10-foot intervals of boring 
SB-07-019. Methylene chloride and toluene concentrations were near the CRL. Detected VOC 
concentrations are not indicative of significant contamination. 

SVOCs—One SVOC (diethyl phthalate) was detected in one sample collected at Study; 
Area 7. Diethyl phthalate was detected at a concentration of 2 ng/g in the 1-foot BLS sample in 
boring SB-07-016, but was not detected in the 25-foot BLS interval in the same boring. 

5«in/fiaiy^Study Area 7 is a fomier manufacturing area for TNT and DNT. Previous 
investigations determined that, the area contained explosives contamination in the soils. 
Remediation activities were performed by Roy F. Weston; 17,120 cubic yards of explosives-
contaminated soils were excavated from this area. Results from the confumatory sampling indicate 
that soils with explosives contamination in excess of 100 fig/g were removed from Study Area 7. 
Lead remains in the surface soils at-concentrations <100 ng/g and in shallow subsurface soils at 
concentrations ^ 0 0 ng/g. Inconsistent, low-level detections of VOCs in the shallow subsurface 
interval and one detection of one SVOC indicate that significant organic contamination is not 
present in the Study Area 7 soils. 

4.5.8 Study Area 8 - Acid/Organic Manufacturing Area 

Study Area 8, the Acid/Organic Manufacturing Area, was the site of the production of 
aniline, N-N-dimethylaniline, concentrated nitric acid, oleum, and sodium sulfite (sellite). Liquid 
wastes generated from these production activities at Study Area 8 were discharged into part ofthe 
hidustrial Sewer System (ISS) onsite and were subsequently discharged into either the Red Water 
Ditch or Coosa River. A former sulfiir buming pit that may contain residual sulfiir also is located in 
this area (DA 1978). Particles of sulfur residue up to 1 inch in diameter were abundant on.the soil 
surface in thesuLftu" storage area. Previous investigations deihonstrated that the area is 
contaminated by sulfur and acid wastes covering approximately 1,615 square feet. In addition, the 
previous mvestigation showed that nitrobenzene and lead are present throughout the area 
(ESE 1981). . 

W^ 
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Results of Field Investigations 

4.5.8.1 Surface Soil and Soli Boring Results 

To better delineate the magnitude and extent of contamination, 42 soil sampling locations 
were established at Study Area 8 during Phase 1 ofthe Supplemental RI. Surface soil samples were 
collected from all soil sampling locations, and were screened for explosives in a field laboratory, as 
discussed in Section 4.5.1.1. Surface soil samples collected from 12 ofthe 42 soil sampling 
locations were submitted for confinnatory analysis. Twenty-nine subsurface soil samples were 
collected from five soil borings drilled at Study Area 8 and were screened for explosives in the field 
laboratory. One shallow subsurface soil sample and one deep subsurface soil sample were collected 
from each ofthe five soil borings and submitted for confirmatory analysis. Soil samples submitted 
for confirmatory analysis were analyzed for metals, explosives, VOCs, and SVOCs. Four surface 
soil and two shallow subsurface soil samples were submitted for hexavalent chromium analysis. 

Appendix K presents the data summary tables for Study Area 8. Tables 4-31 through 4-33 
present summary statistics for Study Area 8 surface soil and soil boring samples. Figure 4-23 
shows the locations where the general contaminant group CEBs (metals, SVOCs, VOCs, and 
explosives) were detected in Study Area 8 surface soil and soil borings. The lack of quadrants in a 
circle indicates that a soil sample was not collected at that interval. Sheets 4-5 and 4-6 present 
screening results for surface and subsurface soils, respectively, at Study Area 8. Sheets 4-7 and 4-8 
present laboratory confirmatory results for lead and 2,4-DNT, respectively, in surface soils. 

Metals—^Nineteen metals were detected in 
Study Area 8 soils at concentrations exceeding 
background. The metals and their maximum 
concentration in each soil interval where 
concentrations exceeded background are listed in 
the adjacent box. 

Concentrations of metals exceeded 
background in at least one interval at all but one 
sampling location, indicating that metals 
contamination extends across the study area. In 
surface soils, the highest metal concentrations 
were reported oh the westem side of the 
manufacturing area, at sampling locations 
SS-08-0010, SS-08-1025, and SS-08-1510. The 
concentrations of metals in Study Area 8 surface 
soils were high relative to other surface soils 
sampled throughout AreaB during the 
investigation—surface soil samples collected 

Maximum Concentrations* | 
Analyte big/g) 

Aluminum 

Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Mercurv 
Molybdenum 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

&-:lft 
22,000 
37.8 
337 
3.74 

52,000 

59.2 
172 

140,000 
619 

10,000 
2,800 
047 
23.9 

11.000 
3,070 

103 
371 

MOft 
37,000 

123 
1.71 

12,000 
71.5 
14.2 
27.3 

99,000 
1,000 
2,320 
1,500 

23.3 
1,420 
121 
158 
77.9 

>10ft 

48.9 
1.65 
1,380 
121 

• 

72,000 
34.8 
1,030 

1,830 
69 
133 

* Metals also determined to exceed background based on ANOVA 
evaluation are shown in bold. 
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Ron Timr. 5:30:05 PM 

Run Da i r 3/29/99 

Exposuie t h i t : 08 SS 1 

ParBmcler 

Alummum 

Anenic 

Bartum 

Bcf>1lium 

Calcium 

(Jhromtum 

Cobah 

Copper 

Iron 

Lead 

MBgneshan 

Manganese 

Memny 

Molj iMcinini 

Nickel 

Potassum 

Sodiuni 

Vanadiuni 

Zinc 

2,4-Dinilrolohiene 

2-Melhylnaiihthalene 

Aocn^rfi thene 

Accnifniuiytcnc 

Anthracene 

Bcnzo(a)anthiaccne 

Betnotajpyitne 

Berao(b)fliioranlhcne 

Benzo<g,h.i)pery1ene 

Benzo(l[)lhiOfvilhenc 

Benzoic A d d 

Chi>»ne 

Dibcnzo(a,h)anllmcetie • 

Dibcneofimn 

Fluoranthene 

Fhnrcne 

Indeno(l,2,].e<))pyiene 

Pyrene ' 

Styrene 

Teliyl 

Toluene 

Table 4-3 

Unita 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

MS'g 

MS/g 

Mg'g 

I'g'g 

Mg'g 

Mg'g 

MS'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

ns/e 
Mg'g 

^ Mg'g' 

Mg'g 

f t / I 
Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

MS'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mgt 
Mg'g 

Mg'g 

Mg'g 

Mg/g 

Mg'g 

11. Sun imary Stt 

Proportion oi Detects 

An Samples' 

I I 

I I 

I I 

I I 

I I 

I I 

11 

I I 

I I 

I I 

I I 

I I 

. - . 3 

I I 

iliatlcs and Exposure Point Concent rations f or Soil ( 

Alabama Army Ammunition Plant, 

Piopotlnn of Detects 

Temporal A Spalial Fioiiiency 

Sampled ofDelcction^ 

> 1 / 1 

1 100% 

1 5SK 

1 100% 

1 100% 

1 100% 

1 9% 

1 35% 

1 100% 

1 100% 

1 100% 

1 100% 

1 100% 

1 27% 

1 18% 

1 73% 

1 100% 

1 73% 

1 100% 

1 100% 

1 18% 

1 9% 

1 9% 

1 l g % 

1 18% 

1 36% 

1 36% 

1 27% 

1 18% 

1 18% ' 

1 9% 

1 • 3«% 

1 18% 

1 9% 

1 36% 

1 9% 

1 36% 

1 27% 

1 9% 

1 36% 

1 18% 

1 9% 

1 9% 

1 82% 

1 100% 

NonDetects 

M inCRL ' 

13 

.. 

27 

2.5 

• -

--

--

0.087 

4.0 

7.5 

30 

O.0S4 

0.17 

0.27 

0.27 

0.17 

a i 7 

0.24 

0.73 

02S 

0.40 

0.92 

0.27 

0.27 

0.17 

017 

0.17 

0.17 

0.17 

0.17 

0.17 

097 

0.0023 

0.093 

0.0025 

--

M a a C R f 

.. 
13 

.. 
--
-. 

18,000 

2.5 

--

0.087 

4.0 

7.5 

--
50 

.-
0.034 

017 

0.27 

0.27 

0.17 

017 

024 

073 

025 

O40 

0.92 

027-

027 

017 • 

017 

017 

017 

017 

017 

017 

097 

0.0025 

0.093 

0.0025 

• • • 

0-<l f l B LS) at SI udy Ares 
Childersburg, Alabama 

Defects 

Mtmrnum 

11,000 

16 

69 

053 

195 

36 

3.2 

7.0 

30,000 

22 

302 

480 

017 

14 

9.1 

435 

60 

32 

24 

012 

067 

4.6 

0.43 

0.63 

022 

024 

0.60 

1.9 

2.3 

4.5 

0.30 

032 

1.8 

0 4 9 

3.6 

OIOO 

O I 5 

1.4 

013 

4.0 

O0024 

0.21 

O0022 

8,670 

Maximum 

22.000 

38 

337 

3.7 

52.000 

36 

59 

172 

140,000 

619 

10,000 

2,800 

047 

24 

11,000 

3,070 

374 

103 

371 

2.4 

0.67 

4.6 

075 

7.1 

19 

14 

20 

10.0 

8.3 • 

4.3 

19 

3.1 

1.8 

60 

3.6 

8.3 

0 3 6 

1.4 

30 

33 

0.0024 

0.21 

0.014 

113,000 

Arithmetic 

Mean' 

13,636 

18 

179 

1.3 

14.509 

840 

8.0 

49 

59,000 

134 

2,811 

1.420 

O i l 

5.1 

1,026 

1,078 

124 

64 

121 

025 

014 

054 

022 

0.77 

2.0 

1.7 

2.5 • 

1.2 

l . l 

083 • 

2.2 

042 

024 

6.2 

0.40 

0 .97 . 

013 

0 2 0 

2.9 

3.8 

0.0014 

0.062 

0.0053 

, 50.225 

Slandard 

Deviation' 

3,443 

13 

96 

l. l 

18,802 

2.707 

17 

52 

31.148 

175 

3.521 

789 

014 

7.2 

3J08 

838 

125 

20 

115 

O70 

018 

1.3 

O20 

2.1 

5.7 

4.2 

5.9 

3.0 

2.5 

1.2 

5.7 

0.89 

052 

18 

l. l 

2.3 

0.093 

0.40 

9.0 

9.8 

0.00035 

0.051 

0.0045 

30.773 

8 - Acld/O 

Distribution* 

Nomiai 

Nonnal 

Nomiai 

Lognormal 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lopiomial 

Nonnal 

Lognormal 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Nonnal 

Lognonrul 

Lognonnai 

Lognonrul 

Lognonnai 

Lognotmal 

Lognonnai 

Lognormal 

Lognofmal 

Lognomul 

Lognomul 

Lognomul 

Lognomul. 

Lognonrul 

Lognonnai 

Lognoimal 

Lognormal 

Lognormal 

Lognonnai 

Lognormal 

Logiiuinial 

Lognormal 

Lognormal 

Lognormal 

Lognonnai 

Lognormal 

Nonnal 

rganic Man 

93% OCL o f 

Ar i t i i Mean' 

17.518 

23 

231 

2.6 

261.148 

3,498 

21 

182 

78,367 

393 

9.233 

1.831 

0.24 

10 

39,109 

1.782 

310 

75 

309 

061 

020 

0»4 

033 

2.3 

16 

' 8.9 

7.7 

4.7 

3.5 

1.2 

13 

074 

039 

281 

072 

4.2 

019 

0.32 

18 

I I 

0.0015 

O.OSl 

O.OII 

67.041 

ufacturing 

Exposure 

Point 

Concentration 

17,518 

25 

231 

2.6 

52.000 

36 

21 

172 

78.367 

39J 

9.233 

\Ml 
0.24 

10 

11,000 

1.782 

310 

75 • 

309 

061 

0 2 0 

094 

033 

2.3 

16 

8.9 

7.7 

4.7 

35 

1.2 

13 

074 

039 

60 

072 

4.2 

019 

0.32 

18 

I I 

00015 

0.081 

O.OII 

67,041 

Area 

2 i i B K 

Mean' 

20,277 

15 

124 

082 

« 4,960 

H 54 

14 

« 13 

37.560 

34 

1.189 

1,730 

0.056 

.. 
» 9.4 

680 

301 

76 

36 

--

--
--

--

--
« 

--
- - • 

--
--
--
- • 

Bacl:gnHind 

Commrisoir 

ICEB IANOVA l 

(CEBIANOVAI 

ICEBl 

ICEB) 

ICEBIANOVA) 

|bk | 

ICEBIANOVA) 

ICEB) 

[CEB) 

ICEBl 

ICEBIANOVA) 

(CEBIANOVA) 

ICED) 

ICEB) 

ICEB) 

ICEBIANOVA) 

Ibk) 

ICEBIANOVA) 

(CEB) 

ICOB] 

ICEB) 

(CED) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICED) 

(CEB) 

ICEB) 

ICED) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

So 
S 
s 

a. 



n •a o 

o 

1 
O 
o 

Table 4-31. Summary Stallitlcs and Exposure Point Concentraiions for Soil (0-<l f i BLS) at Sludy Area 8 - Acld/Organic Manufacturing Area (Coniinued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Run Tone: 3:30:05 PM 

Run Date: 3/29/99 

Eiposure U a l : 0 8 _ S S I 

Pafameter 

Praportion ofDetects Proponion o f Detecta Exposure 

AD Samples' Temporal A Spatial Fietpiency NonDetects Detects Arithnclic Standanl 93% UCL of Poinl 2 x B K Background 

Sampled ofDeteclion* MinCRL ' MaxCRL* Minfanum Maximum Mean' Deviation' Distribution' Arith. Mean' Concentration' Mean' Comparisoi^ 

bis(2-Elhylhexyl)phlhalate Mg/g I / 9% 019 019 013 015 OIOO 0.017 Lognormal O i l O i l (CEB) 

' For the "Proponion o f Detects - AQ Samples" column, counts were based on the unaveraged rlata set 

*For die "Proponion ofDetects - Temporal and Spatial Samples" and the Trequency of Detection" cohmiRs, counts were based onthe averaged data set ( e g , groundwater samples ftom the same weD were averaged). 

*CRL - contract reporting limit. 

'Nondetects were treated as one-halfthe detection limit bi the calculation ofthe site and background (BK) ar^hmetic means, standaid deviation, and 95% upper confidence limit (UCL). 

' Dbtributions fbr die calculation ofexposure point concentntions (EPCs): O i f fewer ihan 4 sampks are available in Ihe site dala set, "Undeteimined" is ndicaled and the 95%UCL is calculatol based on a bgnormal distribution. 2) I f the nonnal 

goodness-of-fit test coeflicienl b pester than die criiical vahic. the distribution ts nomuL 3) Ifthe lognonnai goodncss-of-fil lest coefficieni is peatcr than thc critical vahie, the distribution is tognormal. 4) irneidier ofthe goodncss-of-fit 

tesl coefncients is peater dun the critical vahie. the distribution is assumed to be bgnomud. 

'The EPC fa the 95% I C L ofthe arithmelic tnean with 2 exceptions: i f lhe 95% UCL exceeds the maximum delected vahie (denoted by a " r next to Ihe EPC) or d c sile daU set conuins Ihver I h ^ 

•CEB (chemical exceeding backgraund) - die nitximum delected icsuk is grealer than or equal to Iwo timea Ihe backgound mean; bk (backgound) - die maximum detected resull is less dan Iwo limes Ihe background mean; ANOVA - analysis o f variance 

detennineE that the site and backgraund dala sets oome 6oni the same poputalbn. 

- - Not appltcible(notr background compaiison nol conducted for organic compounds) 
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Table 4-32. Summary Statistics and Expasure Point Concentrations for Soli (1-10 fl BLS) at Study Area 8 - Acid/Organic Manufacturing Area 
Alabama Army Ammunillon Plant, Childersburg, Alabama 

ff 
rD 

Run Time: 5:30:05 PM 

O 

> 
e 

O 
o 

Run Dat r 3/29/99 

Exposure Unit: 0 8 _ S S I 

Paiameter 

Arscrsc 

Barium 

Beiyllimn '• 

Calcium. 

Chromium 

Coball 

Copper 

hon 

Lead 

Ma^iesium 

Manganese 

N c k d 

Poussium 

Sodium . . r . 

Vanadium 

Zinc 

2,4,6-Trinitrolohiene 

2,4-Oinitrotohiene 

Acetone 

Benzo(a)anlhracene 

Benai(a)pynne 

Chysene 

Fkioianlhene 

lndeno(l,2J-cd)pyrene 

Medtylene Chloride 

Phenanduene 

Pyiene 

Toluene 

Tou l Oiganic Carbon 

Proponion o f Detect: 

Al l Samplei' 

Units 

Mg'g 5 / 5 

Mg'g 3 ' 5 

Mg'g 5 - / 5 

Mg'g ' . 5 / 5 ' . 

Mg'g • ' 4 / 5 

Mg'g 5 / 5 

Mg/g • 2. / 5' • 

Mg/g 4 / 5 -

Mg'g 5 / 5 

Mg'g 4 / 5 

V t / t ••• 5 / 3 ..• 

Mg'g 5 / 5 -

Mg'g 3 / 5 

Mg/g 5 / 5 

Mg''g 4 / 5 

Mg** J ' J 

Mg'g 4 / 5 

Mg'g 1 / 5 

pg'g I ' S 

Mg'g 4 / 4 

Mg'g 2 / 5 

Mg'g . 1 / 5 

Mg'g , 1 / 5 

Mg'g 1 / 5 

Mg'g 1 ' 5 

Mg'g l / J 

Mg'g 1 ' J 

Mg'g 2 / * 

Mg'g 2 / 5 

MS* 1 / 5 

Mg'g 1 / 4 

Mg/g J / 5 

Proportnn ofDetects 

Temporal A Spalial Fre<;uency 

Samples' ofDctectkm* 

5 / 5 100% 

3 / 5 60% 

5 / 5 100% 

3 / 5 100% 

4 / 5 80% 

5 / 5 •• 100% 

• . . . 2 / 5 I . 40% 

• . 4 / 3 80% 

• 3 / 5 100% 

4 / 3 80% 

- : i I S 100% 

5 / 5 100% 

3 / 5 60% 

5 / 5 100% 

4 / 3 80% 

5 / 5 100% 

4 / 5 80% 

1 / 5 20% 

1 / 5 20% 

4 / 4 100% 

2 / 5 40% 

1 / 5 20% 

1 / 5 20% 

1 / 5 20% 

1 / 3 20% 

1 / 5 20% 

1 / 5 20% 

2 / 4 •' 50% 

2 / 5 40% 

1 / 5 20% 

1 / 4 25% 

3 / 5 60% 

NonDetects 

Mm CRL' 

13 

• - - • • 

109 

--
2.5 -

3.4 

•• . . . . 

10.0 

--
--
7.5 

• -
50 

--
70 

0.079 

0.054 

017 

024 

073 

027 

O I 6 

0 1 7 

O I7 

0.0062 

017 

097 

0.0025 

IOOO 

MaxCRL' 

--
13 

.-
109 

2.3 

3.4 

. .. 
10.0 

--

7.3 

--
50 

--
70 

0.089 

0.056 

0 1 7 

0.24 

0.73 

0 2 7 

016 

0 1 7 

O I 7 

O0O78 

0 1 7 

097 

O0025 

IOOO 

Delects 

Minimum 

10,000 

18 

27 

037 

277 

33 

I I 

16 

24.000 

20 

302 

175 

16 

303 

64 

38 

23 

0 1 6 

1.3 

O032 

O I I 

057 

1.4 

0.87 

055 

1.3 

0 2 6 

0.0057 

0 1 7 

1.3 

O0064 

3,120 

Maximum 

37,000 

24 

123 

1.7 

12,000 

72 

• 14 

27 

99,000 

IOOO 

2,320 

1.500 

23 

1,420 

121 

158 

78 

0 1 6 

1.3 

1.00 

0.65 

0.57 

1.4 

0.87 

053 

1.3 

0 2 6 

O0076 

0.64 

1.3 

00064 

6,660 

Arilhmelic 

Mean' 

24,400 

15 

66 

0.99 

2,974 • 

51 

5.8 

17 

59.200 

221 

• 1,026 

671 

13 

884 

74 

97 

49 

O063 

0.29 

045 

O20 

021 

057 

0.28 

017 

0.33 

0.12 

O0051 

021 

0.65 

O0025 

3,098 

Sundanl 

Deviation' 

11,718 

8.1 

40 

054 

5,097 

16 

6.3 

9.8 

28,595 

436 

817 

527 

8.7 

505 

36 

43 

22 

0.055 

058 

0.49 

0.25 

O20 

0.46 

033 

0.21 

054 

0.078 

0.0020 

024 

036 

0.0026 

2.683 

Distribution* 

Nonnal 

Nonnal 

Nomu l 

Nomiai 

Lognonnai 

Nomu l 

Nonnal 

Nonnal 

Nonnal 

Lognonnai 

Nomu l 

Nonnal 

Nonnal 

Nomial 

Nonnal 

Nonnal 

Nomu l 

t .OglHJII IUl 

Nonnal 

Lognonnai 

Lognorrnal 

Lognonnai 

Lognomul 

Lognomial 

Lognonnai 

Lognomul 

Nonnal 

Lognonnai 

Lognonnai 

Lopnrmal 

Nonnal 

95% UCL of 

Ar i lh Mean' 

15,571 

23 

105 

1.5 

l.04E*08 

66 

12 

27 

86.463 

2.47E*06 

l,«05 

1,174 

21 

1.366 

107 

140 

70 

019 

335 

1.0 

1.4 

075 

1.3 

1.6 

l . l 

I I 

025 

O0074 

1.5 

1.2 

0.033 

5,636 

Exposure 

Point 

Concentration' 

33.571 

23 

105 

1.5 . 

12,000 « 

66 

12 

• 27 

86,463 

IOOO n 

1,80} 

1,174 

21 

1,366 

107 

140 

70 

0 1 6 « 

1.3 t) 

1.00 « 

065 » 

057 « 

1.4 a 

0.87 « 

053 » 

1.3 « 

025 

0.0074 

0 6 4 » 

1.2 

0.0064 H 

5,656 

2 x B K 

Mean' 

27,733 

42 

64 

0 8 0 ' 

2,475 

46 

7.0 

26 

32.000 

14 

1,399 

682 

21 

1.324 

--
96 

71 

--

--

--

• -

--

Background 

Compvisoi^ 

(CEBIANOVA) 

Ibk) 

ICEBIANOVA) 

ICEBIANOVA) 

ICEBIANOVA) 

ICEB) 

ICEBIANOVA) 

ICEBIANOVA) 

ICEBIANOVA) 

ICEBIANOVA) 

(CEBIANOVA) 

ICEBIANOVA) 

ICEBIANOVA) 

ICEBIANOVA) 

ICEB) 

ICEBIANOVA) 

ICEBIANOVA) 

ICEB) 

ICED) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

(CEBJ 

ICEB) 

ICEB) 

ICED) 

ICEB) 

ICEB) 

ICEB) • 

* For the "Proportion of Detects - AS Sampia" cohimn, counb were based on the unaveraged data SCL ' 

For the "Proportion of Detects - Temporal and Spatial Samples" and die "Frequency of Detectfon" oohimm, courts were based on die averaged dau tet (e.g.. groundwaier samples fiom Ihe same wcD were avenged). 

*CRL - contract neporting limit. 

Nondetects wcrv trealcd as one-halfthe detection limft b lhe alculation of the site «id background (BK> arithmefic means, tiandard deviation, and 9 5 % upper confidence limii (UCL). 

' Distf^mtions fdr die calculation ofexposure pomt conccntiBtioRS (EPCs): \) Iffewer than 4 samples are available in the site data set "Undetcnnined" b indicated ani die 95UUCL is calculated based on a lognonnai distribution! 2) Iflhe nonnal 

goodncss-of-fit test coefHcienl b pcater than the critical vahie, die distribution b nomal. 3) Ifthe lognonnai goodncu-of^fii teal cocfliciehi b 0«ater than the criiical value, die distribution b lognormal. 4) Ifneidier of die goodncss-of-fii 

lesl coefncients b greater (han (he critical vahte. (he dbtribulion b assumed to be bgnormal 

'The EPC B the 95% UCL of (he anthmelic mean widi 2 exceptions: ifthe 9 3 % UCLexcccds the maximum detected vahic (denoted by a "IV* next to die EPC) or the site dau set cortaim fewer than 4 samples, the maximum detected vatue b subslituted as the EPC. 

'CGB (chemical exceeding badcpound) - the inaximum detected resub b greater than or equal to two times (he badcground mean; bk (background) - die maximum delected result b kss dan two times die background mean; ANOVA - analysb of variance 

detennines thai (he site and background data sets come from lhe same population. 

- - Not applicable (note: background comparison not conducted for organic compoumb) 
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Table 4-33. Summary Slalisllcs and Eiposure Potnt Concentrations for Soil (>10 ft BLS) at Study Area 8 • Acld/Organic Manufacturing Area 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Run Tune: 5:30f l3PM 

Run Date: 3/29/99 

Exposuie Unit; OS_SS 1 

Parameter UniU 

Proportion o f Detects Praportion o f Detecu -

An Sampled Temporal A Spalial Frequency NcnOetecu Detects Arilhmetic Standard 

Samplea* o f Detection* Mm CRL' MaxCRL ' Minimum Maximum Mean' Detu l ion ' Distribution* 

95% UCL o f 

Ar i tKMean ' 

Exposuie 

Point 

Concentiil ion' 

2 x B K 

Mean' 

Background 

Comparison' 

Aluminum 

Arsetdc 

Barium 

Beiylliuni 

Calcium 

Chromium 

Coball 

Copper 

Iron 

Lcad 

Ma^Ksium 

Manganeae 

Mcicury 

Nickel 

Potasskim 

Sodhrni 

Vanadiuni 

Zinc 

2,4-Dbtltlotoluene 

Acetone 

Methylenechloride 

Toluene 

Total Oifftmc Caibon 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'^ 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

100% 

73S 

lOOK 

lOOS 

50% 

tOOK 

50K 

lOOK 

100% 

100% 

100% 

100% 

25% 

75% 

100% 

30% 

100% 

75% 

20% 

25% 

30% 

25% 

20% 

13 13 

109 109 

2-5 2.5 

O087 

7.5 

30 

46 

O054 

0.043 

O0062 

0.0023 

IOOO 

0.087 

7.3 

50 

46 

O036 

0.043 

0.0062 

0.0025 

IOOO 

14,000 

23 

15 

0.72 

470 

19 

I I 

16 

39.000 

15 

233 

122 

012 

13 

326 

67 

44 

38 

0.15. 

0.024 

O0094 

0.0019 

1.420 

18.000 

30 

49 

1.7 

IJ80 

121 

21 

25 

72,000 

35 

1,030 

980 

012 

20 

1,830 

69 

133 

67 

O I 5 

0.024 

0.0097 

0.0019 

1,420 

15,750 

22 

27 

l.l 

490 

56 

8.6 

..19 

53.500 

25 

546 

428 

0.062 

14 

892 

46 

83 

43 

0.052 

0.023 

0.0063 

0.0014 

684 

1.708 

II 

16 .• 

045 

625 

46 

9.3 

3.9 

14,387 

9.5 

343 

392 

O037 

7.0 

693 

25 

40 

18 

0.056 

000075 

O0037 

0.00032 

411 

Ncnnal 

Norrrul 

' Nonnal 

Nonnal 

Nomu l 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Normal 

Lognonnai 

Normal 

Nomial 

Normal 

Nomu l 

Normal 

Lognomul 

Normal 

Lognormal 

Lognorma) 

17.760 

35 

45 

1.6 

1.225 

110 

19 

24 

70,429 

36 

950 

889 

018 

22 

1,708 

75 

130 

65 

0.23 

0.024 

O.OII 

0.0019 

1.336 

17,760 

30 

45 

1.6 

1,225 

IIO 

19 

24 

70,429 

33 

930 

889 

0.12 

20 

1,708 

69 

130 

65 

013 

0.024 

0.0097 

0.0019 

l;336 

27,367 

52 

41 

089 

257 

53 

• 58 

56 

57,000 

32 

867 

1,331 

036 

46 

1.206 

92 

104 

Ibk) 

Ibk) 

ICEBIANOVA) 

ICEBIANOVA) 

ICEBIANOVA) 

ICEBIANOVA) 

Ibk) 

Ibk) 

ICEBIANOVA) 

ICEBIANOVA) 

ICEBIANOVA) 

(bk) 

Ibkl 
|bk | 

ICEBIANOVA) 

ICEB) 

ICEBIANOVA) 

Ibk) 

ICEB) 

ICEB) 

ICEB) 

ICED) 

ICEB) 

* For the "^"roportion o f Detects - AD Samples" cohunn. counts were based on the unaveraged data scl 

* For the "Proponion o f Detects • Temporal and Spalial Samples" and the "Frer]uency of Dctectnn" cohimns, counts were based on the averaged dau set (e.g, groundwater samples from the same weO were averaged). 

*CRL - contract icpoiting l imi t 

' Nonletects were trealed as one-half Ihe deteaion limit in the calcuUtion o f t l u site and background (BK) arithmetic means, standard deviation, and 95% upper ainllderice limil ( l ^ 

' Distributions Ibr the calculation ofexposure pouit concentiations (EPCs): 1) I f fewer ihan 4 samples are avaiUble in the site dau set, "Undetermined" is indicaied and the 95%UCL is cakulalcd based on a lognormal distribution. 2) I f the normal 

goodncss-of-fil test coefflcient b pcater than the criiical vahie. the distrftmtion b nomuL 3) If the lognormal goodncss-oMil lest oocfficicm b prater Ihan the critical vahie, the dbnibution b kignomul. 4) Ifneither ofthe goodness-orilt 

test oocfltcients b preater than the critical value, the distiibution b assumed to be bgnonnal. 

'The EPC B the 95% UCLo f the arithmetic mean with 2 exceptions: ifthe 95% UCL exceeds the maxhnum deteeted vahic (denoted by a "#" next to the EPC) or the sile dau set conuins fewer than 4 samples, the maxinium detected value b subslituted as the EPC. 

' C E B (chemical exceeding bacicground) - the maximum detected resub b (peater than or equal to Iwo tinies the background mean; bk (bacicground) - the maximum detected result b less than two times thc background mean; ANOVA • analysb o f variance 

detennines that the site and background dau sets come Horn the same populatton. 

* • Nol applicable (note: badcground ooiiipaiison not conducted for organic compounds) 
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Results of Field Investigations 

from Study Area 8 contamed among the highest concentrations of cobalt, iron, molybdenum, and 
nickel detected during the Supplemental Rl. The maximum surface soil concentrations of four of 
these metals (cobalt, iron, molybdenum, and nickel) were detected at location SS-08-1025. 

Concentrations of barium, cobalt, copper, lead, mercury, molybdenum, nickel, and zinc 
decreased with increasing sample depth at location SS-08-1025/SS-08-d22. Maximum 
concentrations of 11 of 16 metals exceeding background in shallow subsurface soils were detected 
in the samples collected at 1 foot BLS from SB-08-022 and SB-08-023. The concentration of 
vanadium reported in shallow subsurface sample SB-08-023 (158 ng/g) was the highest vanadium 
concentration detected in shallow subsurface soils collected throughout Area B during the 
Supplemental Rl. Metals did not exceed background in either the shallow or deep subsurface 
samples at location SB-08-024. 

Lead concentrations in 9 of 12 surface soil samples exceeded background. Lead 
concentrations also exceeded background in all shallow subsurface soil samples, except the sample 
collected at SB-08-024. The maximum lead concentration in shedlow subsurface soils was 
1,000 ng/g at SB-08-023. A metals sample was not collected from the 25-foot BLS interval at this 
location. Lead exceeded background in only one deep subsurface soil sample (SB-08-021). 

Explostyes—Explosives were detected in 8 of the 42 surface soil samples screened in the 
field for explosives (Sheet 4-5). The surface sampling locations at which explosives were detected 
were irregularly distributed across the study area. The highest concentration (25 ng/g) was reported 
at a location where adjacent surface samples also contained detectable concentrations of explosives 
(5.85 and 3.25 |ig/g). Explosives were detected at concentrations no greater than 5 |ig/g in 10 of 29 
subsurface samples screened in the field. The subsurface screening samples in which explosives 
were detected were collected from borings SB-08-021, SB-08-022, and SB-08-024 (Sheet 4-6). 
Explosives were not detected in any ofthe subsurface samples screened from borings SB-08-023 or 
SB-08-025. 

Three target explosives and one nontarget 
explosive (HMX) were detected in Study Area 8 
soils submitted for confirmatory analysis. The 
explosives and their maximum concentrations in 
each soil interval are listed in the adjacent box. 

Maximum Concentrations I 
Analyte (|ig/g) 

2,4-Dinitrotoluene 
HMX 
TNT 
Tetryl 

a-:1ft 
2.37 

0.214 

i-ion 
1.33 

0.551 
0.163 

MOft 
0.152 

2,4-DNT and tetryl were reported in confirmatory analyses of Study Area 8 surface soils 
(Table 4-31). 2,4-DNT was detected at two surface sampling locations (SS-08-1015 and 
SS-08-2804) (see Sheet 4-8); explosives had .been detected at SS-08-1015 during the screening 
survey ofthe study area. Tetryl was detected at one surface sampling location (SS-08-0515), 
located in the southwestem quadrant of the study area. 

Final RI Report 4-108 August 2001 



Results of Field Investigations 

J^ 

KJ 

Maximum Concentrations 1 
Analvte/yfl/fl) 

Acstone 
Methvlene Chloride 
Stvrene 
Toluene 

tKin 

0.0024 
0.014 

l-IOft 
' 1 

0.0076 

0.0064 . 

>10ft 
0.024 
0.0097 

0.0019 

2,4-DNT, TNT, and HMX were detected in one shallow subsurface soil sample collected 
from a depth of 1 foot BLS (SB-08-023). 2,4-DNT also was reported in the deep subsiuface 
sample (25 feet BLS) collected from the same location at a concentration approximately one order 
ofmagnitude lower than in the sample collected at 1 foot BLS. Boring SB-08-023 was drilled at 
the same sampling location where the highest concentration of explosives (25 ng/g) was detected in 
surface soils during the field screening survey at Study Area 8. 

VOCs—Four VOCs were detected in soils 
at Study Area 8 and are listed in the adjacent box. 
Results of acetone analyses for sampies collected 
before June 19, 1995 (as was the 1-foot BLS 
sample from SB-08-022), are believed to be 
suspect as a result of field laboratory activities. 
(Section 4.2 provides an additional explanation.) 

Acetone was detected above the CRL in only two of the Study Area 8 samples. 
Concentrations of methylene chloride, toluene, and styrene reported in samples collected at Study 
Area 8 were near or below the detection limits; consequently, these concentrations are not 
indicative of significant VOC contamination in the surface and subsurface soils. 

SVOCs—Tv/entyzone SVOCs were 
detected in Study Area.8 soils. The SVOCs and 
their maximum concentrations in each soil 
interval are listed in the adjacent box. SVOCs 
were detected in 6 (SS^08-0010, SS-08-0515, 
SS-08-1015, SS-08-1025, SS-08-4204, and 
SS-08-5527) of the 11 surface soil samples 
analyzed for SVOCs. N-Nitrosodiphenylamine 
w£is the only nitrogen-containing SVOC detected. 
With the exception of acenaphthylene, benzoic 
acid, B2EHP, and N-Nifrosodiphenylamine, the 
highest concentrations of SVOCs in surface soils 
occurred at sampling locatioh SS-08-6515 

Eight SVOCs (benzo[a]anthracene, 
benzo[a]pyrene, benzo[b]fluoranthene, chrysene, 
fluoranthene, indeno[l,2,3-cd]pyrene, phen
anthrene, and pyrene) were detected in both 
surface and shallow subsurface soils. Six Of the 
eight SVOCs were deteeted at only one shallow subsurface location (SB-08-021 at 1 foot BLS) 
located immediately to the southeast of SS-08-0515 in the southwestem comer of the study area. 

Maximum Concentrations I 
Analyte (ug/g) 

Acenaphthene 
Acenaphthylene 
Anthracene 
B2EHP 
Benzofalanthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Ben2o(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzoic add 
Chrysene 

Dibenzo(a,h)anthracene 
Dibenzofuran 
Fluoranthene 
Fluorene . 
Indenoll,2,3-cd)pyrene 
2-Methylnaphthalene 
N-Nltrosodiphenylamine 
Naphthalene 
Phenanthrene 

' Pyrene 

(K1ft 

. .4.6 
0.75 
7.1 
0.15 
.19 
14 

.20 
10 
8.3 
4.5 
•19. 
3.1 
1.8 
60 
3.6 
8.3 • 
0.67 : 

. 0.36 
1.4 
30 
33 

l-IOft 

0.65 
0.57 

.1.4 

0.87 

.1 .3 . 

0.26 

0.64 
1.3 . 

>10ft 

J^ 
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Benzo(a)anthracene and phenanthrene also were detected in the 1-foot BLS interval at location 
SB-08-023. None ofthe SVOCs was detected in deep subsurface soils. 

Summary—The distribution of metals throughout Study Area 8 is random and does not 
show a frend toward a single source of contamination, although in surface soils, metals 
concentrations are highest in the westem portion of the study area. The activities and processes of 
the area when it was active were conducive to the release of metals in the soils, and metals 
concentrations at Study Area 8 were high relative to other study areas. 

The most obvious results ofthe sampling and analysis were the detection ofthe many PAHs 
in the surface ahd subsurface soils predominantly in the westem portion of the study area. 
Twenty-one SVOCs were detected in the surface soil samples at concentrations as high as 60 ng/g. 
SVOCs were not detected in any of the deep subsurface soil samples collected at the study area. 
The source ofthese compounds is likely to be the production of organic chemicals during the active 
period of the installation. 

Concentrations of explosives detected during field screening analysis of soils at Study Area 
8 did not exceed 25 ng/g- Three target explosives and one nontarget explosive were detected at low 
concentrations (less than 3 ng/g) ir» confirmatory analyses. The four locations in which explosives 
were detected were distributed irregularly across the study area. Only one compound (2,4-DNT) at 
one location was detected in the deep surface sampling locations. Although contamination is 
randomly distributed, the results indicate that subsurface soils in four of five locations do not have 
explosives migration to the subsurface. 

Four VOCs were detected in the surface soil and soil boring samples at Study Area 8. The 
majority of VOC detections were near or below the CRL. 

4.5.8.2 Test Pit Results 

During Phase 4A of the Supplemental RI, test pits were excavated at five ISS manhole 
locations to determine if organic or metal contamination had migrated from selected manhole 
structures into the surrounding soils. Two samples were collected from each test pit. One soil 
sample was collected at a depth comparable to the bottom of the manhole concrete cast and the 
second soil sample was collected at a depth approximately 2 feet below the bottom of the concrete 
cast. The 10 soil samples collected from the test pit excavations were sent to the laboratory and 
analyzed for soil pH, metals, and SVOCs. 

Appendix K presents the data summary tables for Study Area 8. Tables 4-34 and 4-35 
present summary statistics for Study Area 8 test pit soil samples. Figure 4-24 shows the locations 
where the general contaminant group CEBs (metals and SVOCs) were detected in the Study Area 8 
test pit soils. A lack of quadrants in a circle indicates that a sample vyas not collected in that 
interval. 
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Table 4-34. Summary Statlillcs and Exposure Point Concentrations for Soil ( l - IO ft BLS) at Study Area 8 Test Pits • Acld/Organlc Manufacturing Area 
Alabama Army Ammunit ion Plant, Childersburg, Alabama 

JO 
n •a o 3. 

Run T ime 5:32«SPM 

Rim D u e 3/29/99 

Eiposure U i i l : 0 8 _ S D 2 

Pwamctcr Uni l i 

AOSamptK* 

Profionion ofDcucIs 

Tci i ipon) & Spitisi 

Sampio' 

Frequency NonDdecu Driectt 

OfDcleaion* M inCRL ' M w C R L ' Minbniim M u i m u m 

Arilhmelic 

M e i n ' 

Siandvd 

Devittion' 

95% UCLo f 

Ari lK Mean' 

Exposure 

Poinl 

Concentration 

2 x B K 

Mean* 

Badiground 

Comparisoi^ 

Ahiminum 

Antimony 

Anenic 

Barium 

Calcium 

CtYOmium 

Coball 

Copper 

Inm 

Lead 

Mapiesium 

Manganese 

Mereuiy .. 

Nickel 

Polassum 

Vanadium 

Zinc 

Phenol 

pH 

n/ l 
(•S'S 

MS'g 

f t / i 
Mg'g 

pg'g 

pg/g 

PS/g 

pg'g ' 

Mg'g 

MS'g 

MS'g 

MS/g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

lOOK 

SOS 

lOOS 

lOOK 

100% 

100% 

20% 

100% 

100% 

100% 

100% 

100% 

20% 

80% 

100% 

100% 

100% 

20% 

100% 

0050 

2.7 

0.050 

2.7 

14,900 

32 

13 

13 

200 

I I 

i.A 
9.5 

13,700 

19 

ISS 

37 

0.067 

8; I ' 

375 

23 

19 

o n 
5.3 

23,400 

70 

60 

195 

1,520 

68 

3.4 

26 

320.000 

167 

639 

264 

0.067 

12 • 

1,040 

124 

36 

o n 
6.4 

19,040 

53 

33 

55 

757 

39 

l'.7 

18 

114.020 

51 

429 

137 

0.033 

8.1 

677 

S3 

30 

0.043 

3.7 

4,012 

23 

IB 

78 

327 

22 

0.96 

6.0 

118.773 

65 

189 

.99 

0.019 

4.0 

321 

38 

7.0 

0.038 

0.45 

Nonnal 

Lognormal 

Normal 

Lognormal 

Nonnal 

Normal 

Lognormal 

Nonnal 

Lognonnai 

Lognonnai 

Nonnal 

Normal 

Lognonnai 

Nonnal 

Nonnal 

Normal 

Normal 

Lognonnai 

Nonnal 

22,863 

378 

51 

829 

1,259 

59 

3.1 

24 

2.23E«06 

398 

610 

232 

0.061 

12 

983 

119 

37 

0.13 

6.1 

22,865 

70 

51 

195 

1.259 

59 

3.1 • 

24 

320.000 

167 

610 

232 

0.061 

12 

983 

119 

36 

O.n 
6.1 

42 

64 

2,475 

46 

7.0 

26 

52,000 

14 

1,399 

682 

0.12 

21 

1.324 

96 

71 

Ibkl 

(CEB) 

ICEBIANOVA) 

ICEB IANOVA) 

Ibkl 

ICEBIANOVA) 

Ibkl 

[CEBIANOVA) 

(CEBIANOVA) 

ICEBl 

11*1 
Ibk] 

Ibk) 

Ibk l 

Ibkl 

ICEBIANOVA] 

|bk| 

ICEBl 

ICEB] 

* For Ihe T i o p o n n n o f Delects - AB Samplea" cohimn, counts wen based on the unavciagcd dala set 

- For the "Proponun o f Detects - Temporal and Spatial Samples" and the "Frequency of Dctectkxi" cohimns, counts were based on the averaged dala sel (e.g, groundwater samples from ihe same wen were averaged). 

*CRL-conl iaci reporting limit. 

* Nondetects were treated as oiv-half lhe detection limit in the cakulatbn o f the site and hockgnxmd (BK) arithmetic means, standard deviation, and 93% upper confidence ihnit (IICL). 

* Dbtributions for the calculation ofexposure poiid concentrations (EPCs); I ) I f fewer Ihan .4 samples are avaitabte in Ihc site data sel, TJiidelaiuiiied* is indicaled and the 95%UCL b calculated based on a kignonnal dbtribulion. 2) I f lhe nonnal 

goodneES.o1^fil test cocffideni b fftata than the criticai vahie. the distribution b nonnal. 3) i f the lognonnai goodncss.of-lit lesl coeflicient b dealer than the criiical value, live dbnibution b tognormal. 4) Ifneilher ofthe goodnessmf-fil 

tesl coefficients b peater than Ihe critical value, the dbtrftulion b assumed to be bgnormal 

The EPC b Ihe 95% UCL o f the arithmetic mean with 2 excepttoia: i f lhe 95% UCL exceeds Ihe maximum detected vahie (denoted by a "If* nexl lo Ihc EPC) or lhe sile dala set contains fewer don 4 samples, I I K maximum detected vahie b subsliluled as ihe EPC. 

' C E B (dvmical exceeding backgraund) • the maximum dtlectcd resull b greater Ihan or equal to two times lhe backgound mean; bk (background) - the maximum detected resuh b less than'lwo lanes the background mean; ANO VA - analysb o f variance 

determines tfiat Ihe site end background data sets come from die same pfvutatkai. 

- - Not applicable (note: backgraund comparison not conducted for oiganic compoumfa) 
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Table 4-35. Summary Statistics and Exposure Point Concentrations for Soil (>iO ft BLS) at Study Area 8 Test Pits - Acid/Organic Manufacturing Area 
Alabama Army Ammunition Piant, Childersburg, Alabama " 

Run rmie: 5:32:05 PM 

Run Date; 3/29/99 

Exposure (Jhil: 0 8 _ S D 2 

Paiameter 

Aluminum 

Antimony 

Aiscntc 

Baiium 

Calcium 

Chromium 

Coball 

Copper 

Iron 

Lcad 

Magneshim 

Manganese 

Nickel 

Potasskim 

Sodhim 

Vanadium 

Zific 

pH 

Propoflion of Detects Proportion of Dctecis 

AH Samples* Temporal A Spatial Fiequency 

Units Samples* o f Deledkin* 

NonDetects 

Mg/g 

Mg'g 

Mg'S 

MS'g 

Mg'g 

MS'g 

MS'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

MB'g 

Mg'g 

Mg'g 

MS/g 

Mg/g 

Mg'g 

Mg'g 

100% 

100% 

100% 

100% 

100% 

100% 

40% 

100% 

100% 

100% 

too% 
100% 

100% 

100% 

20% 

100% 

100% 

40% 

100% 

0.052 

Delects 

Minimum 

19,000 

39 

16 

25 
248 

35 
J.3 

15 

46.000 

12 
489 

170 
7.6 

412 

1,080 

50 
32 

0.12 

5.2 

Maxinium 

35,900 

57 

25 
67 

1.160 

60 
7.5 

30 
320,000 

23 
734 

818 

15 
1,130 

1.080 

101 

46 

0.16 

7.5 

Artihinetic 

Mean' 

25,600 

48 
18 
47 

536 

46 

30 
19 ' 

I I 9 J 6 0 

20 
604 

364 
I I 

834 

231 
77 

39 

0.072 

5.9 

Slandanl 

Deviation' 

6.883 

7.3 
3.8 

18 
373 
11 

2.7 

• 6.3 

114,240 

4.9 
107 

276 
3.5 

274 
474 

19 
5.7 

0.064 

1.1 

Dblributton 

Nonnal 

Nonnal 

Lognonnai 

Noimal 

Nonnal 

Nonnal 

Lognarmal 

Nonnal 

Lognomial 

Lognoimal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

95% UCL o f 

AritfL Mean' 

32,162 

55 
23 
64 
894 

56 
17 

25 

571,461 

29 

707 
627 
14 

1.095 

444,022 

95 

44 

0.13 

6.9 

Exposure 

Point 

Concenuation' 

32,162 

55 

23 
64 
894 

56 
7.5 * 

25 
320,000 # 

23 » 

707 

627 
14 

I f l95 

1.080 « 

95 
44 

0,13 

6.9 

2 x B K 

Mean' 

27,567 

-. 
52 
41 

257 

53 
58 

56 

57,000 

32 
867 

1,331 

46 

1,206 

--
92 

•04 

Background 

Comparison^ 

ICEBIANOVA] 

ICED) 

(bkl 

(CEBIANOVA] 

ICEB) 

(CEBIANOVA) 

(bkJ 

Ibk) 

ICEB] 

Ibk) 

Ibk) 

Ibk] 

Ibk) 

tbk) 

ICEB) 

ICEBIANOVA] 

(bk l 

ICEBJ 
(CEBl 

* For Ihe "Proponion o f Ddcct i - A l Sunples" column, counis were based on the unavenged daia set 

^Forihe Troponion o f Detects • Temporal and Spalial Samplea* and lhe Trequency o f Detection" oolumits, counts were hased on ihe avenscd dala set (e.g. groundwater samples from ihe same weD were averaged). 

*CRL - contrBct reporting limiL 

' Nondetects were treated as one-halfthe deteciion limti in the caiculalion o f the site and background (BK) aiithmettc means, standanl dcviiiton, and 9S% upper confldencc l imil ( V X : L ) . 

* Distributions for the calculation ofexposure point conccntralions (EPCs): I ) Iffewer than 4 samples a i t available in the site data set. ^^detem1i^ed' Is indicated and the 95%UCt is calculated based on a lognomul distribulioa 2) I f lhe nonnal 

goodncss-of-fit test coefnctent b greater than the critical vahie. the distribution is nomial. 3) I f the lognonnai goodness-offit test coefficieni b peater than the critical vahje, ihe disuibution u lognomial. 4) Ifneither ofthe goodness-oPfil 

lesl coefficienli a peater than the criiical vahie, the dbtribulion b assumed to be bgnomial. 

' The EPC fe the 95% UCL ofthe arilhmetic mean with 2 exceptions: i fd ie 95% UCL exceeds the maximum detected vahw (denoted by a ' I t ' next lo the EPC) or the site dau set conuins fewer than 4 samples, the maximum detected value b substituted as ihc EPC. 

' C E B (d rmica l exceeding background) • the inaximum detected result to peater than or equal to two limes the background mean; bk (backpound) - the nuximum detected tcsuli b kss than two times the background mean; ANOVA - analysb o f variance 

determino ihal the site and background dau sets come fiom thesame population. 

- - Not applicable (note: background comparison no) condiicted for orgtnic compounds) 
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Maximum Concentrations* j 
Analyte (gg/g) 

Aluminum 

Antimonv 
Arsenic 
Barium 
Caldum 
Chromium 
Copper 
Iran 
Lead 
Sodium ': 
Vanadium 

O^lft MOft 

69.5 
60. 
195 

67.8 
26.2 

320,000 
167 

124 

>10ft 
35,900 
57.4 
66.8 
66.8 
1,160 
60.2 

320.000 

1,080 
101 

* Metals also detemnined to exceed backgraund based on ANOVA 
evaluation are shown in bold. 

Metals—Eleven metals were detected in 
the Study Area 8 test pit soil samples at 
concentrations exceeding background. The metals 
and their maximum concentrations in each soil 
interval where concentrations exceeded back
ground are listed in the adjacent box. 

Antimony concentrations decreased with 
depth at all sample locations except in TP-08-023, 
where antimony was not detected in the shallower 
test pit sample at 5 feet BLS. The concentration 
in the 8-foot BLS sample at this location was 
52.1 ng/g. The maximum detected antimony concentration (69.5 ng/g) in the test pit samples was 
the highest detected concentration in any ofthe shallow subsurface Supplemental RI soil samples. 

There was no pattem to the distribution of iron in the test pit samples. Maximum 
concentrations of 320,000 ng/g were detected in the 10.5-foot BLS sample at TP-08-009 and 9-foot 
BLS sample at TP-08-018. All other concentrations of iron were less than 100,000 ng/g. The 
maximum lead concentration of 167 ng/g was detected in the 5-foot BLS sample at TP-08-023. All 
other lead concentrations were below 26 |ig/g. 

SVOCs—Only one SVOC, phenol, was detected in the Study Area 8 test pit soil samples. 
Phenol was detected in one shallow subsurface sample (TP-08-001 at 10 feet BLS) at a 
concentration of 0.110 |ig/g and in two deep subsurface samples (TP-08-001 at 12 feet BLS and 
TP-08-008 at 12 feet BLS) at a maximum concentration of 0.160 ng/g. 

pH—-The pH range for samples collected from the Study Area 8 test pit soils was 5.26 to 
7.52. pH results were very similar for samples from the same test pits, with the exception of 
TP-08-018. The pH in this test pit was lower than neutral in the 9-foot BLS sample (5.88) and 
slightly higher than neutral in the 11-foot BLS sample (7.52). With the exception ofthe 11-foot 
BLS sample at TP-08-018, all pH results were slightly acidic. These pH results are within the range 
of soil pH results from samples collected throughout Area B. 

Summaiy—The Study Area 8 test pit samples were analyzed for metals, SVOCs, and pH. 
Metals and one SVOC (phenol) were detected in the Study Area 8 test pit soil samples. Eleven 
metals were identified as CEBs in the test pit samples. With the exception of aliuninum, 
concentrations of CEB meteds generally were lower in the deeper subsurface samples than in the 
shallower subsurface samples. Antimony concentrations in the test pit samples were the highest of 
any ofthe shallow subsurface Supplemental RI soil samples. Phenol was detected in three samples 
at concentrations <0.160 ng/g- The pH for the majority of samples, from the Study Area 8 test pits 
was slightly acidic (5.26 to 6.52), with only one sample with a pH >7 (7.52). These pH results are 
within the range of soil pH results from samples collected throughout Area B. 
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4.5.9 Study Area 10- Tetryl Manufacturing Area 

The Tetryl Manufacturing Area consisted of 12 manufacturing lines where tetryl was 
produced in a two-step process by first sulfonating N-N-dimethylaniline and then nitrating the 
resulting intermediate. Extensive amounts of lead were used in the piping, floors, and fittings ofthe 
nitration houses. The buildings have been razed and all that remains of each line are the concrete 
foundations of the buildings. During a previous investigation, explosives material was recovered 
from the soil surface (DA 1978), and tetryl, lead, and DPA y/ere detected in the soil. 

SAIC's Supplemental RI at Study Area 10 was limited to the eastem half of the study area: 
Soil results for the sampling coriducted at Study Area 10-East and Study Area 10-West are 
presented below. Investigations conducted in 1995 by Roy F. Weston in the westem half ofthe 
study area confirmed that the soils contained significant tetryl contamination in the vicinity of the 
tetryl production lines, nitrating houses, and recovery houses. Excavation of those soils was 
conducted in September through December 1995. 

4.5.9.1 Study Area 10-East 

Surface sampling locations at Study Area 10-East were selected to determine if 
contamination extended into the eastem portion of the Tetryl Manufacturing Area. Forty-six 
surface soil sampling locations were established during Phase 1 ofthe Supplemental RI. A sample 
from each of the 46 surface soil sampling locations was screened for explosives in the field 
laboratory. To confinn the screening results, five samples were selected from the screening 
locations. These samples were sent to an offsite laboratory for analysis. In addition, six soil 
borings were drilled, three in the westem portion of Study Area 10-East to determine the presence 
and extent of subsurface soil contammation between the tetryl production lines, and three in the 
eastem portion of Study Area 10-East. Thirty-four subsurface soil samples were collected from the 
borings and screened for explosives in the field laboratoiy. Seven shallow subsurface soil samples 
and 11 deep subsurface soil samples were collected from the borings and submitted for 
confirmatory analysis. Confirmatory samples were analyzed for metals, explosives, SVOCs, and 
VOCs. 

Appendix K presents the data summary tables for Study Area 10-East. Tables 4-36 through 
4-38 present summary statistics for Study Area 10-East soils. Figure 4-25 shows the locations 
where the general contaminant group CEBs (metals, explosives, VOCs, and SVOCs) were detected 
in Study Area l6-East soils. A lack of quadrants in a circle indicates a sample was not collected in 
that interval. Sheets 4-5 and 4-6 present screening results for surface and subsurface soils, 
respectively, at Study Area 10-East. 
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Table 4-36. Summary Statistics and Exposure Point Concentrations for Soil (0-<l ft BLS) at Study Area 10 - Tetryl Manufacturing Area-East 
: Alabama Army Ammunition Plant, Childersburg, Alabama 

n-•o o 
a 

RunTime: ] ;44:26PM 

Run Date: 3/29/99 Proportion o f Detect! PrafXMtion ofDetects Exposure 

Exposure Unit: lOE.SSI 

Parameter 

Ahimuuint 

Ancnc 

Barium 

Ber>(rium 

Calcium 

Chwn lum 

Cobatt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Potassium 

Vanadium 

Zinc 

Benzoic Acid 

Tola) Oigui ic Caiton 

Units 

f t / t 

pg/g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 
pg/g 

MS'g 

Mg'g 

MB'g 

|>g/g 

Mg'g 

MS'g 

MS'g 

AH Samplea- TemponI t t Spalial. 

Samples' 

Frequency 

o f Detection' 

IOCS 

25% 

lOOK 

IOCS 

lOOK 

50% 

50% 

100% 

lOOK 

100% 

100% 

100% 

100% 

100% 

100% 

25% 

100% 

NonDetects 

MinCRL-

-. 
13 

•-, 

26 

2.5 

. .. 
--

--
.. 

0.92 

--

MaxCRL ' 

.. 
13 

--
-. 
27 

.2.5 

.. 
. .. 

.-

--

.. 

.. 
0.92 

-• 

Detecta 

M mill tum 

12,000 

19 

76 

0.40 

946 

32 

5.5 

5.6 

24.000 

22 

262 

870 

401 

43 

24 

13 

21.000 

Maximum 

15,000 

19 

23) 

0.95 

U 4 0 

) J 

9.2 

10 

38,000 

37 

474 

4,100 

613 

72 

32 

1) 

37,300 

Arilhmelic 

Mean' 

15,500 

9.4 

117 

0.58 

1,107 

23 

4.3 

8.8 

31,500 

29 

390 

1,893 

S l l 

59 

29 

3.6 

31.200 

Standard 

Deviation' 

1.291 

6.2 

77 

0.25 

188 

11 

3.8 

2.2 

5,745 

7.3 

93 

1,486 

IOO 

14 

3.6 

6.) 

7,731 

Distribution' 

Nonnal 

Lognonnai 

Lognormal 

Nonnai 

Nonnal 

Nonnal 

Nonnal 

Lognonnai 

Nomu l 

Nonnal 

Nonnal 

Lognormal 

Nonnal 

Nonnal 

Nonnal 

Lognonnai 

Nomu l 

95% UCLo f 

Ar i lh Mean' 

15,019 

J2 

406 

0.88 

1,329 

35 

8.8 

14 

38,260 

37 

500 

11,637 

629 

75 

33 

170,006 

40,297 

Poinl 

Concentration' 

15.000 

19 

233 

0.88 

1.329 

33 

8.8 

10 

38,000 

37 

474 

4,100 

61} 

72 

32 

13 

37,300 

« 
« 
H 

It 

2 x B K 

Mean' 

20,277 

15 

124 

082 

4,960 

54 

14 

13 

37.560 

34 

1,189 

1.730 

680 

76 

36 

.. 
--

Background 

Comparisori 

|bk| 

(CEBIANOVAI 

[CEDIANOVAI 

(CEBIANOVA) 

(bk) 

(bk) 

(bk) 

(bk) 

(CEBIANOVA) 

(CEBl 

tbV) 

(CEBIANOVA) 

Ibkl 

(bk) 

Ibk) 

(CEBl 

(CEB) 

* For (he T n j p o n n n ofDetects - A l S t m p k s " cohnnn, counts were bised on tfie unavenged dau Eci. 

^For Ihe "Praportion ofDetects • TemponI and Spatbl Samples" and tfie Ttequency o f Detection' cchmuts, oounta w e n based on the averased data let (e.g.. groundwater samples ftom the same weD were averaged). 

'CRL • contrsct reporting i imii. 

'Nondetects were treated as one-halfthe detection limit in the calculation o f tfie siie and background (BK) arithmetic means, itandard deviation, and 95% upper confidence limit (UCL). 

* Distributions for the caiculalion ofexposure point concentrations (EPCs)'. t ) I f fewer than 4 samples are available in the site data set, "Undetcnnined" is indicated and the 9S%\JCL is calculated based on a lop iomu) distributtoa 2) I f Ihe normal 

goodness-of-fit lest ooeflictenl a peater than the critica] vahie, tfie distribution b nomial. 3) If the lo^wrau l goodness-of-flt tesl coeffictent b greater tfian tfw criiical vahic, thc dbtribution b bgnormal. 4) Ifneidier o f tfie goodness-of-fit. 

tesl coefficients b peater than tfw critical value, (he dbtribution b assumed to be bgnonnal. 

' The EPC B tfw 95% IX^L o f (he aridnnetk nwan witfi 2 exception: I f tfw 95% UCL exceeds tfw maidmimi detected vahK (dcnoled by a " iT next to 

' CEB (chemical exceeding badiground) - lhe maxbnum delected reaub b greater than or equal to Iwo limes the background mean; bk (background) - ihc maxtmum detected result u less*than two limes the background mean; ANOVA • analyvb o f variance 

dcteimines that the site and backpuund dala sets come fiom the u m e population. 

- - Not appbcabte (note: backgrmuid comparbon not conducted for oiganic compounds) , 

Pa 
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I: 

t 

I 
to 
o 
o 

c c c 
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Table 4-37. Summary Slatlsllcs and Exposure Point Concentrations for Soil (I-IO fl BLS) at Study Area 10 • Tetryl Manufacturing Area-East 

Aiabama Army Ammunition Plant, Childenburg, Aiabama 

Run Time: 5:44:26 PM 

Run Dale: 3/29/99 

Exposure l*ut:IOE_SSl 

Paratwter 

Aluminum 

Arsenic 

Barium 

Beryllium 

Calcium 

dhroniium 

Cobalt 

Copper •• 

Iron • 

Lead 

Map ia ium - ' 

Nickel 

Potasskim 

Sodium 

Vanadium 

Zinc 

Acetone 

Toluene 

Total Organic Carbon 

Units 

ft/S 

f t / I 

ff/S 
V l l l 

f l / l 
' P l /g 

MB'g 

MB'g 

I'g'g 

I t l fg 

. V t f l 

fWl 

MS'g 

Ml^g 

Mg'g 

Mg'g 

MS'g 

Mg'g 

. Mg'g 

Mg'g 

Proponion of Detects 

AD Samples' 

7 / 7 • 

Proportion ofDetects 

Temporal ft Spatial 

Sampta' 

Frequency 

o fDc lec lnn ' 

86% 

57% 

100% 

100% 

57% 
100% 

7 1 % 

100% 

100% 

57% 

100% 

100% 

43% 

100% 

29% 

100% 

100% 

43% 

86% 

86% 

NonDetects 

MinCRL ' 

540 

13 

-• 
.-
109 

2.5 

10.0 

--
7.5 

50 

0.045 

0.0025 

1000 

MaxCRL' 

540 

13 

109 

2.5 

--
- - • • • 

10.0 

7.5 

50 

--
.-

0045 

0.0025 

1000 

DclecB 

MBIUI IUI I I 

13,000 

17 

18 

039 

235 

12 

5.7 

6.1 

16.000 

13 

308 

104 

12 

321 

67 

33 

36 

0.021 

0.0026 

2,180 

Maximum 

25,000 

34 

73 
1.0 

385 
161 

9.4 

23 

77,000 • 

32 

1,100 

1,400 

13 

838 

105 

108 

36 

0.032 

0.092 

8.050 

Arithmetic 

Mean' 

15,324 

16 

48 

0.57 

215 

72 

5.7 

11 

31,286 

14 

386 

596 

7.4 

512 

42 

63 

.. 
0.024 

0.017 

3,726 

Standard 

Deviation' 

7,738 

11 

22 

0.23 

158 
69 

3.4 

55 
20,934 

lo' 
255 

409 

4.6 

184 

32 

30 

.-
00038 

0.033 

2,369 

DisHTbuiion' 

Normal 

Nonnal 

Nonnal 

Lognoimal 

Nonnal 

Nonni l 

Nonnal 

Lognorma] 

Lognonnai 

Nonnal 

Nonnal 

Nonnal 

Lognonnai 

Nonnal 

Lognonnai 

Nonnal 

Undeiennined 

Lognormal 

Lognonnai 

Nonnal 

95% UCLo f 

Arilh. Mean' 

21,007 

24 

65 
0.79 

331 
122 
8.2 
17 

52,660 

21 
774 

897 

15 

647 

82 

85 

0.026 

0.20 

5,46* 

Exposure 

Point 

m,_ onffti i i alion 

21,007 

24 

65 

079 

331 

122 

8.2 

17 

52.660 

21 

774 

B97 

13 n 

647 

82 

85 
36 • 

0.026 

0.092 # 

3,466 

2 > B K 

Mean' 

27,733 

42 

64 

0.80 

2.475 

46 

7.0 

26 

52.000 

14 

1.399 

682 

21 

1.324 

--
% 
71 

--

Background 

Comparisoi^ 

(bk] 

(bk) 

(CEBIANOVAI 

(CEBIANOVAI 

|bk| 

(CEBIANOVAI 

(CEBIANOVAI 

(bkl 

(CEBIANOVA) 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

(bk) 

(bk) 

(CEBl 

(CEBIANOVA) 

(bk) 

(CEB) 

(CEB) 

(CEB) 

* For the "Proportion o f Detects - AB Samples" oohnnn. counts were based on Uw unavenged data set 

^For tfw "Proportion ofDetects - Temporal and Spalial Samples" and tfw "Frequency of Detection" cohimns. ooums were based on tfw averaged dau set (e^g.. poundwaier samples ftom tfw same weD were averaged). 

*CRL - contract rcportittg l imil. 

' Nondetects were trealed as one-half tfw detedion limit in the calcubtion o f tfw site and background (BK) aritfmetic meam, itandard deviation, and 95% upper confidence Hmii (UCL). 

* Obtributiom fbr tfw calculation ofexposure point concentrations (EPCs): I ) I f fewer tfian 4 samples are available in tfw site data set, l lndetermined" b indicaied and the 95%UCL b cabulated based on a lognornul dbtribulion. 2) t f the nonnal 

goodness-oF^fh tesl coeffictent b greater than Ihe critical value, the dbtribulion is nomial. 3) I f Ihe bgnomul goodness-of-Bt lesl ooefficienl b greater than the critical vahw, the distribution b bgnonnal. 4) I f neitfwr o f ihc goodness-of-fil 

test coefHctenis b rca ier than tfw critical value, tfw dbtribution b assumed to be bgnormaL 

' The EPC b the 95% UCL o f tfw ariUonetic mean witfi 2 exceptions: i f tfw 95% UCLexcccds the maxunum detected value (denoted by a "0" next to tfw EPC) or tfw site data sel contains fewer than 4 samples, the maximum detecied value b subsiituied as lhe EPC. 

' C E B (chemical exceeding background) - the maximum detected renill b greater Uian or equal lo two times the background mean; bk (background) - the maximum detected resuh b kss t lon two limes the background mean; ANOVA - analysb of variance 

determines tfiat the sile and backpound data sets come fiom tfw same popuhtion 

- - Not apphcable (note: background comparison not nmducted for organic compounds) 



Table 4-38. Summary Statlsticg and Exposure Point Concentrations for Soii (> I0 ft BLS) al Sludy Area 10 - Tetryl Manufacturing Area-East 
Aiabama Army Ammunil lon Piant, Childersburg, Aiabama 

RunTime: 5:44:26 PM 

Run Date: 3/29/99 

Exposure Unit: IOE_SSI 

Parameter Units 

Proportion ofDetects 

Al l Samples* 

Proportion o f Detects 

TemponI A Spalia) 

Samples' 

Frequency NonDettcia Detects 

ofDeteclion' M inCRL ' MaxCRL' Minimum Maximuni 

Arithmetic 

M e « . ' 

Standanl 

Deviation' DisDobulion' 

95% UCL of 

Ari lh. Mean' 

Exposure 

Point 

Concentration' 

2 x B K 

Mean' 

Background 

ComparisOT^ 

Ahiminum pg'g II / 

Aiseidc Mg'g * I 

Barium pg'g H I 
Beiyllium pg'g 10 / 

Calcium MI% ^ ' 
Chromium Mg'g 11 f 

Coball Ml/g 7 / 

Copper Mg'g • ' ' 
Iron M^g 10 I 
Lead Mg'g 8 / 
Magneshim pg'g II / 

Manganese ps/g 11 / 
Nickel MC/g 8 / 

Potassum pg'g 11 / 

Sodium pg'g 5 / 

Vanadium Mg'g 11 / 

Zinc MS'g 6 / 6 
Acelone pg'g 5 / 
Cyeloletramethylenetelranilranline pg'g I / 
Methylene Chloiide v f l% 2 / 
Tohiene pet 4 I 

11 

11 

10 

11 

11 

10 

11 

11 

II 

100% 
36% 
100% 
91% 
64% 
100% 
64% 
100% 
100% 
73% 
100% 
100% 
73% 
100% 
45% 
100% 
100% 
45% 
9% 
18% 
36% 

0.25 
109 

10.0 

0.035 

0.16 

0.0062 

0.0018 

0.25 
109 

2.5 

7.5 

50 

0.057 

0.16 

0.0062 

0.0030 

5.100 

21 

13 

0.43 

139 

I I 
4.9 

10 
22,000 

14 

299 
42 

15 

420 

67 

31 

24 

0.032 

0.23 

0.0079 

0.O022 

230.000 

31 

132 

2.7 

451 

56 

43 
27 

54,000 

120 

944 
5,800 

47 

1,810 

99 

89 

92 
0.041 
0.23 

0.0099 

0.0053 

36.191 

13 

47 

1.2 

179 

23 

10 

22 
43,900 

36 
558 

1.472 

24 
894 

53 

61 
54 

0.029 
0.093 

0.0042 
0.0020 

71,165 
9.8 

38 

0.75 

130 

12 

13 

5.0 

8.888 

35 

193 
1.767 

16 

414 

33 

20 

28 
0.0079 
0.044 

0.0024 
0.0014 

Lognonnai 

Lognonnai 

Nonnal 

Nonnal 

Nonnal 

Lognonnai 

Lognonnai 

Normal 
Lognormal 
Lognonnai 

Nonnal 
Lognormal 

Nonnal 

Normal 

Lognonnai 
Nonnal 
Nonnal 
Normal 

Lognonnai 
Lognonnai 

Lognonnai 

73,145 

23 

68 

1.6 

250 

31 

46 

24 
52,101 

127 

664 
17.835 

33 
1,120 

88 
71 
76 

0.035 

O.ll 

0.0054 

0.0031 

73,145 

23 

68 

1.6 

250 

31 

43 

24 

52.101 

120 
664 

5.800 

33 
1,120 

88 

71 

76 
O.OIJ 

O.ll 

0.0054 

0.0031 

27,567 

52 

41 

0.89 

257 

53 

58 

56 

57.000 

32 

867 

1,331 

46 

1,206 

92 
104 

(CEBIANOVA) 

(bk) 
(CEBIANOVA) 
(CEBIANOVAI 

(CEBIANOVA) 

(CEBIANOVA) 

(bk) 

(bkl 

(bk) 
(CEBIANOVA) 
(CEBIANOVA) 
(CEBIANOVA) 
(CEBIANOVAI 
(CEBIANOVA) 

(CEB) 

(bk) 
(bk) 

(CEB) 

(CEBl 

(CEB) 

(CEBl 

' For die "Proponion o f Detects - A l Samples" column, counts were based on Ihe unaveraged dau set 

' For Ihe "Proportion o f Detects - Temporal and Spalial Sainples" and the Tiequcncy o f Detection* columns, counts were based on thc averaged data set ( e g , groundwater samples 1 ^ 
*CRL. contract lepoiting l imi t 
' Nondetects were Healed as oiv-half Ihe detection Hmii in thc cakulation of ihe site and background (BK) arilhmetic means, standard deviation, and 95% upper confidence limit (UCL). 
' Distiibutkins fbr the caiculalion ofexposure poim concentntions (EPCs): 1) I f fewer dan 4 samples are avaitabte in die sile dau set. tfndeteimined" b iMicated and the 95%UCL is calculated based on a lognonrMl disnibution. 2) I f the nomul 

goodncss^otfit lesl coefficieni b peater than the cridcal value, die distribiilion b normal 3) I fd ie lognonnai goodnessmf^Rl lesl coefficient b pealcr Ihan die critical value, the dbtribution b bgnormal. 4) Ifneilher o f die goodness.of-fit 

lest coefHdents B greater dan die critical vahie. the dbtribution b assumed to be kgnonnal. 
'The EPC Is the 95% U C L o f die arithmetic mean with 2 exceplions: i fdie 95% UCLexceeds die maxnnum detected value (denoted by a "0" next to the EPC) or die site dau set conuins fewer d«n 4 samples, the maximum detected value b substkuled as the EPC. 
' C E B (chemical exceeding background) • Ihe maxtmum detected result b peater dun or equal to two limes die background mean; bk (background) - the maximum detected resutt b less den two limes the background mean; ANOVA - anatysb o f variance 

deteimines dial die site and backpound dau sets come fiom die same poputation. 
•• Not applicable (nolc: background comparison not conducted for orgaidc compounds) 
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Metals—Fifteen metals were detected in 
Study Area 10-East soils at concentrations 
exceedmg background. The metals and their 
maximum concentrations exceeding background 
are listed in the adjacent box. 

Metal CEBs were randomly distributed in 
the surface soils, although no metal CEBs were 
detected in surface soil samples SS-10-0045 or 
SS-10-0050. Lead concentrations in surface soils 
were all between 20 and 38 jig/g, and only 
exceeded background at SS-10-0055, in the 
northem portion of Study Area 10-East. Lead 
concentrations in the deep subsurface soil samples 
were higher than in the surface or shallow 
subsurface soil samples. 

Maximum Concentrations* 1 
Analyte (pg/g) 

Aluminum 
Arsenic 
Barium 
Beryllium 
Calcium 

Chromium 
Cobalt 
Iron 
Lead 
Maqnesium 
Manganese 
Nickel 
Potassium 
Sodium 
Vanadium 

(Kl f t 

18.7 
233 

0.948 

38,000 
37.4 

4,100 

1-10ft 

72.5 
1.03 

161 
9.38 

77,000 
31.6 

1,400 

105 
108 

>10ft 
250,000 

132 
2.66 
451 
56.1 

120 
944 

5,800 
47.3 
1,810 
98.9 

* Metals also determined to exceed background based on ANOVA 
evaluation are shown in bold. 

In the shallow and deep subsurface soils, there were more metal CEBs in the westem 
portion of Study Area 10-East than in the eastem portion of the study area. Maximum detected 
deep subsurface soil concentrations of aluminum (250,000 ng/g) and manganese (5,800 |ig/g) at 
Study Area 10-East were high relative to other study areas sampled during the Supplemental RI. 

Explostyes—Field screening data consistently showed that explosives contamination of the 
suiface soils is not present at Study Area 10. Ofthe 46 surface soil samples screened in the field for 
explosives, only two samples, SS-10-1000 (the extreme southeastem sampling point) and 
SS-10-0580 (located in the center of the eastem site boundary), contained detectable concentrations 
of explosives (4.0 ng/g) (Sheet 4-5). 

Explosives were detected in five subsurface samples collected from three of the six soil 
borings screened for explosives. The three soil borings in which explosives were detected were 
located in the westem portion of the study area, in the vicinity of the former tetryl lines. 
Specifically, explosives were detected m a sample collected at a depth of 15 feet from the far 
westem soil boring (SB-10-026); in samples collected at depths of 5, 10, and 15 feet from 
SB-10-027; and in a sample collected from a depth of 25 feet from SB-10-028 (Sheet 4-6). 
Concentrations of explosives in all subsurface soil samples screened in the field were less than 
6 ng/g. All but one of the subsurface samples in which explosives were detected were submitted 
for confirmatory analysis; target explosives were not detected in any of these samples, nor were 
target explosives detected in any other surface and subsurface samples submitted for fixed 
laboratory analysis. One nontarget explosive (HMX) was detected in one deep subsurface soil 
sample (SB-10-030; 15 feet BLS) at a concentration of 0.225 ng/g. HMX was not detected in the 
25-foot BLS sample collected from SB-10-030. The screening and confirmatory results indicate, 
that there are only very low concentrations of residual explosives in soils at Study Area 10-East. 
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Results of Field Investigations 

f i i : 

Maximum Concentrations | 
Anaivte(ug/8) 

Acetone 
Methylene Chloride 

Toluene . 

(K l f t 
- ., 

1-10ft 
0.032 
, " 

0.092 

>10ft 
0.041 
0.G099 
0.0053 

VOCs—Three VOCs were detected in 
V ^ Study Area 10 soils. The VOCs arid their 

maximum concentrations in each soil interval are 
listed in the adjacent box. 

The majority of concentrations of acetone, methylene chloride, and toluene from surface 
and subsurface soils were near or below CRLs (0.0446* 0.00616, and 0.0025 ng/g^ respectively). 
Toluene was detected at a concentration of 0.092 ng/g in the 1-foot BLS sample at SB-10-029, but 
was not detected in the deeper samples collected from this boring. 

SVOCs—Only one SVOC, benzoic acid, was detected in the Study Area. 10-East soil 
samples. Benzoic acid was detected at a concentration of 13 ng/g in surface soil sample 
SS-10-0055. ' 

JJ 

J ^ 

Summary—Metals, one nontarget explosive (HMX), VOCs, and one SVOC (benzoic acid) 
were detected in the soils at Study Area 10-East. Fifteen metals exceeded background, and 
aluminum and manganese concentrations were among the highest detected during the Suppleniental 
RI. All lead concentrations were below 121 ng/g- There were more frequent detections of CEB 
metals in the westem portion of the study area than in the eastem portion. Explosives screening 
results from surface and subsurface soils all were less than 6 ng/g- Target explosives were not 
detected in confirmatory samples from the Study Area 10-East surface or subsurface soils. The 
majority of VOCs detected in the Study Area 10-East soils were at concentrations at or near CRLs. 
The concentrations are not believed to be attributable to site activities. Benzoic iacid was the only 
SVOC detected in Study Area 10-East soils and it was detected in only one surface soil sample. 

4.5.9.2 Study Areal 0<-West 

Roy F. Weston conducted investigations, excavation, and remediation of Study Area 10-
West soils as a result ofa 1994 Interim Record of Decision (IROD) (Weston 1994a). Roy F. 
Weston found that samples collected at the concrete pads of nitrating houses, refinery houses, and 
open ditches were highly contaminated with tetryl. The excavation criterion for tetryl established in 
the IROD was 5,000 ppm (Weston 1996a). A few samples also contained lead in excess of the 
excavation criterion (500 ppm) (Weston 1996a). Approxiinately 13,034 cubic yards of soils were 
removed from around the tetryl lines. 

Explosives-contaminated soils were incinerated and the ash was landfilled. Lead-
contaminated soils and ash were stabilized and landfilled. , 

Composite confirmatory samples were collected after excavations for explosives and lead. 
Appendix L presents the Roy F. Weston data summary tables for the corifirmatory samples 
collected from Study Area 10-West. Tables 4-39 and 4-40 present sununary statistics for 
Study Area 10-West soils. , 
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Table 4-39. Summary Statiitics and Exposure Point Concentrations for Soil (0-<l ft BLS) at Study Area 10 • Tetryl Manufacturing Area-West 
Alabama Army Ammunition Plant, Childersburg, Aiabama 

RunTime: 5:46:33 PM 

Run Dale: 3 /» /99 

E<posureUnit:10W,SSl 

Parameter 

Uad 

2,4-Dimtrotoluene 

2-Aniina-4,6-Duiiliololuene 

Tetryl 

UniU 

MS'g 

pg'g 

f t * 

f t /» 

Proportion o f Detects 

ADSamplesr 

49 / 49 

1 / 37 

2 / 37 

5 / 37 

Piopoitloo o f Detects 

Temporal & Spalial 

Samples' 

49 / 49 

1 / 57 

2 / 57 

5 / 57 

Frequency 

ofDeteclion' 

100% 

2S 
4% 

9% 

NonDetects 

M inCRL ' MaxCRL' 

-
0.30 0.50 

O.SO 0.50 

0.50 0.50 

Delecis 

Minimum Maximuin 

6.4 2.000 

0.79 079 

0.50 0.70 

• 0.92 112 

Arithmetic 

Mean' 

239 

.0.26 

0.26 • 

3.1 

Standanl 

Deviation' 

331 

0.072 . 

• 0.068 

16 

Distribution' 

Lognormal 

Lognofmal 

Lognomial 

Lognormal 

95% UCL o f 

Ar i tKMean ' 

465 
0.27 

0.27 

0.86 

Exposure 

Poinl 

V. onccntrtlion 

465 

0.27 

0.27 

0.86 

, 
2 > B K 

Mean' 

34 

.. 

Background 

Comparisoii^ 

ICEBIANOVA) 

ICEB) 

ICEB) 

ICEB) 

' For the Troporl ion o f Delects • AH Samples" column, counts were based on die unaveraged data set. 

' Por the Tioport ion o f Detects • Temporal and Spalial Samples'and the Tre<)uency o f Detection* colunus, counts were based on the averaged dau set (e.g, gnwndwaler lampla 

'CRL-contract reporting limiL 

' Nondetects were tieated as one-halfthe detection limit in the calculation o f the site and badignwnd (BK) arilhmelic mean, sundard deviation, and 95% upper confldence limit (UCL). 

' Distributions fbr die calculation ofexposure p o M concmtralions (EPCs): 1) I f (inver than 4 samples are available in Ihe site dala set. TMctetmined" is indicated and the 95%IX;L is calculaled based on a lognormal distribution. 2) I f lhe nomiai 

goodness-of-fil lesl coeffident is greater than Ihe critical vahie, the distrftulion is normal 3) I f lhe lognormal goodness-of-fU lesl coeffieieni b peater dian die criiical value, Ihe distribulion is lognormal. 4) Ifneilher ofthe goodness-of-flt 

test coefRcients is 0ealer than die critical vahie, the distribution b assumed lo be bgnormaL 

' The EPC ta die 95% I C L o f die arithmetic mean with 2 exceplions: I f the 93% U ; L exceeds U K maxinium detected vahie (denoted by a " r -nex l 10 Ihe EPC) or the lite data set oonuins A ^ 

' CEB (chemical exceeding background) • die maximum detected resull is greater Ihan or equal to two limea Ihc background mean; bk (background) - die maximum detected nsuh is less dsn two times the background mean; ANOVA - analysis of variance 

determines t ta l the site and backgound data sets come ftom die same population. 

- . Not applicable (note: background comparison not conducted for organic compounds) 

5 

M 
,^-
"§ 
a. 
o 
a 
Co 

c c c 
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Table 4-40. Summary Statistics and Exposiire Point Concentrations for Soil (l-IO ft BLS) at Sludy Area 10 - Tetryl Manufacluring Area-West 

Alabama Army-Ammunition Plant, Childersburg, Alabama . 

Run Tune: 5.46:35 PM . 

Run Datt: 3/29/99 

Exposure Unit: i0W_SSI 

Paramcltr 

Lead 

1.3.5-TriniuuljeiieerK 

2.4.6-Trinitrotohiene 

Tetryl 

Units 

MS'g 

MS'g 

f t / I 

f t / I 

Proportion o f Detect! 

AD Samples' 

103 / 103 

3 / 8 2 

1 / 8 2 

' 5 4 / 9 6 

Propounn of Dctecis 

T o n p o n l f t Spitial 

Samples' 

103 / IOJ 

. : 3 / 82 

1 / 8 2 

54 / 96 

Frequency 

o f Dnection 

100% 

4% 

1 % 

56% 

NonDetects 

MinCRL ' MaxCRL' 

.. 
0.23 0.50 

0.23 • 0.50 

O.SO 0.74 

Detects 

Mniminn Maximum 

g.O 400 

0.24 l.g 

0.86 0.86 

0.50 2,939 

Arilhmetic 

Me> i ' 

62 

0.26 ' 

0.24 

80 

Stindaid 

Deviation' 

72 

0.19 

0.082 

341 

Distribution 

Lognormal 

Lugnuiiiial 

Lognonnai 

Lognonnai 

95% UCL o f 

Ar i lh Mean' 

73 

0.27 

0.23 

187 

Exposure 

Point 

Concentration 

73 

0.27 

0.25 

187 

2 X BK 

Mean' 

14 

--
--
--

Background 

Comparisoir 

(CEBl 

[CEBl 

ICEB) 

- ICEB) 

* For the Troport ion of Detects - A l Sample*" cohimn, coimts were based on lhe unavenged data SCL 

^ For the Troport ion ofDetects • TemponI and Spatial Samples* and Ihe "Fiequency ofDeteclion' cohnnns. counts were based on the avenged data eet (e.g.. pmmSwtxer samples from the same wvO were avetajed). 

*CRL-contract reporting l ini i t • 

* Nondetects were treated as ora-half Q K deteaion limit in thc cakulation o f die site and background (BK) criOimetic means, standard deviation, and 9S% upper confidence timtt (UCL). 

*Dbtn>i | ions fbr the calculation ofexposure poinl concentiatiom ( E P C I ) : I ) I f fewer than 4 sanipla are avaibbte in the site data sc l . ' IMe tcnn ined 'b indicated and the 9 5 S U C L b c a l c u b t e d b ^ 2) If lhenonnal 

goodnes-of-fil tesl coefficieni is greatCT than the critical vahie, the dbtribution is nonnaL 3) I f lhe lognormal goodness'of-ni lesl cocRidenl b ffta,ter thzn thc critical vahie, 6i£ dtstrtbution b lognormal. 4) Ifneither of the Boodness-otfii 

test cocffictetits b greaitf Ihan the critical vahie, dw dbtribution b assumed to be bgnocinal. 

' The EPC B Ihc 95% UCL o f O K arithmetic mean widi 2 exceptions: i f lhe 95% UCL exceeds Ihe maxnnum defected vihie (denoted by a "0" next to die EPC) or the site data u t contaiftt fewer than 4 samples, tfw nuxinmim deicaed vahie b tubsihiied as t t« EPC. 

' CEB (chemical excreding backgrnund) - die maxbmtm detected resull b peater Vnm or n)oa) lo iwo times Ihe background mean; bk (background) - die maximum detected resull b kas ihan iwo times the background mean; ANOVA • ana]>sb t ^ varivicc . 

determines that the silc and backgrtnind data sets come fiom the same popufaukm. 

- - Not applicable (note: background comparbon nol conducted for oiganic compounds) 

So 

I: 

t 
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Results of Field Investigations 

Maximum Concentiations I 
Analyte (Pfl/fl) 

2,4-DNT 
2-A^,6-ONT 
Tetryl 

1,3,5-TNB 
TNT 

0-elfl 

0.79 
0.70 
112 

1-10fl 

2,939 
1.8 

0.86 

>ion 

Metals—Lead was detected in all 49 surface soil and 103 shallow subsurface soil 
confirmatory samples collected. Lead exceeded background in 11 surface soil and the majority of 
shallow subsurface soil samples. The maximum detected lead concentration in surface soil 
confirmatory samples was 2,000 ^g/g. Ten surface soil samples contained lead concentrations in 
excess of 500 ppm. All shallow subsurface soil lead concentrations were below 500 ppm; the 
maximum lead in shallow subsurface soil was 400 ppm. 

Explosives—Five explosives were 
detected in the excavation confirmatory samples 
collected from Study Area 10-West. Explosives 
were detected in 7 of 57 surface soil confirmatory 
samples; All surface soil explosives 
concentrations were below 2 ^g/g, with the 
exception of two samples with tetryl 
concentrations of 47 and 112 jag/g. 1,3,5-TNB was detected in 3 of 82 shallow subsurface soil 
samples at a maximum concentration less than 2 jxg/g. TNT was detected in 1 of 82 shallow 
subsurface soil samples. Tetryl was detected in 54 of 96 shallow subsurface soil samples, with all 
concentrations except the maximum less than 1,250 |ig/g. 

Summary—Roy F. Weston excavated, remediated, and incinerated tetryl- and lead-
contaminated soils from around the tetryl lmes at Study Area 10-West. Lead-contaminated soils 
and ash were stabilized. Confirmatory samples were collected after excavation and analyzed for 
explosives and lead. Confirmatory sample results mdicate that all lead concentrations, with the 
exception of 10 surface soil samples, were below 500 ppm. All explosives concentrations, other 
than for tetryl, were below 2 pg/g. All tetryl concentrations, with the exception of one sample, were 
below 1,250 ^ig/g. 

O 

• v ^ 

4.5.10 study Area 16-Flashing Ground 

The Flashing Ground consists of four trenches (Buming Pits Lthrough 4) that were used 
after World War D. According to the Installation Assessment, combustible trash and explosives 
materials were bumed in this area (DA 1978). Previous studies revealed the presence of lead, 
nifrocellulose, TNT, DNT, 1,3,5-TNB, and tetryl in soils (ESE 1983). 

Fifty-two soil sampling locations were established at Study Area 16 during Phase 1 ofthe 
Supplemental RI. Surface soil samples from 44 of the locations and shallow subsurface samples 
(2 feet BLS) from 8 ofthe locations were screened for explosives in the field laboratory (Sheets 4-5 
and 4-6). Surface samples at 38 of the 52 soil sampling locations (30 surface and 8 shallow 
subsurface [2 feet BLS] sampling locations) were screened for lead on a quick-tumaround basis in 
the offsite laboratory (Sheets 4-5 and 4-6). Samples were collected from 3 of the 44 surface soil 
sampling locations and were submitted for confirmatory analysis of metals, SVOCs, VOCs, and 
explosives. 

V ^ 
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Results of Field Investigations 

Eight soil borings were drilled at Study Area 16. Thirty-three samples from the five borings 
{^^ were screened in the field for explosives. Twenty-three shallow subsurface and nine deep 

subsurface samples were collected from the soil borings and submitted for laboratory analysis. All 
32 subsurface samples collected from soil borings were analyzed for lead on a quick-tumaround 
basis. Thirteen subsurface samples were analyzed for metals, explosives, VOCs, and SVOCs. 
During Phase 2, seven borings were drilled to collect screening soil and in situ groundwater 
samples. A soil sample was not collected from three ofthe borings because rock was encountered. 
One sample was collected from each of four borings (SB-16-001, SB-16-003, SB-16-006, and 
SB-16-007) and analyzed at the laboratory for explosives and lead. Two additional samples were 
collected from surface soil location SS-16-7030 and analyzed for aluminum and lead. 

Explosives- and lead-contaminated soils at Study Area 16 detected during the Supplemental 
RI (SAIC 1996a) were included for remediation in a 1996 IROD (Weston 1996b, 1996c). Roy F. 
Weston conducted a sampling prograni to quantify the extent of explosives and lead contamination 
identified by SAIC in 1996 (SAIC 1996a). Screening and confirmatory samples were collected at 
five locations within Study Area 16 and adjacent Study Area 19. Study Area 16 soils in the general 
areas of Buming Pits 2 and 3 were identified for remediation. The maximum TNT and 2,4-DNT 
concentrations detected at Study Area 16 were 14,000 and 16,000 ppm, respectively. In addition, 
one offive confirmatory soil samples, contained a lead concentration of 628 ppm (Weston 1996b, 
1996c), All soils with explosives and lead above applicable criteria were excavated, transported, 
and incinerated. Incinerator ash with high lead concentrations was stockpiled for fiiture 

{ ) solidification and stabilization. Soils in grid areas with lead contamination only were temporarily 
left in place. 

Subsequent to Roy F. Weston's remediation, Environmental Chemical Corporation (ECC) 
conducted additional remediation for lead-contaminated soils at Study Area 16. AU lead-
contaminated soils v^th concentrations in excess of 300 ppm were excavated and stabilized using 
an onsite pugmill. Confirmatory samples were collected from the excavation. Figure 4-26 shows 
the area of Study Area 16 soils excavated by ECC. The remaining stockpiled incinerator ash with 
high lead concentrations also was stabilized (ECC 1998). A total of 1,500 cubic yards of lead-
contaminated soil from Study Areas 16 and 19 were excavated and stabilized. 

Appendix K presents the SAIC Supplemental RI data summary tables for Study Area 16. 
Appendix L contains the remediation data summary tables for samples collected by Roy F. Weston 
and ECC. For the purposes of statistical analysis, Supplemental RI data from locations that 
subsequently were remediated were removed from the data set. The post-excavation confirmatory 
data were included in the statistical analysis. Sununary statistics for the soils remaining at Study 
Area 16 are shown in Tables 4-41. through 4-43. Figure 4-27 shows the locations where the 
general contaminant group CEBs (metals, SVOCs, VOCs, and explosives) were detected in 
Supplemental RI samples in Study Area 16 soils remaining after remediation. The lack of 
quadrants in a circle indicates that a soil sample was not collected at that interval. Sheets 4-5 and 

{^ j 4-6 depict screening results for surface and subsurface samples collected from Study Area 16. 
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Table 4-41. Summary Stallsttet and Exposure Point Coneentrationi for Soil (0-<l ft BLS) at Study Area 16 - Flashing Ground 
Alabama Army Ammunition Plant, Childersburg, Alabama 

o 
RunTime; 11:59:57 AM 

Run Datr. 3/31/99 

Exposure Unil: I 6 _ S S I 

fanmcKr 

Propoflion of Detects Proponion of Detects 

A D S u n p i d * Temporal & Spalial 

Samples* 

Atuminum 

Aixcntc 

Baiium 

Bcfyllium 

Cadmium 

Calctum 

Chromium 

Coball 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

2- M«th>-tnaphth«lcne 

Acenaphthene 

Anthracene 

Bcnzo(a)anthncene 

Benzo(a)p>iTnc 

Benzio(b|fluoramhene 

Bcnzo(g,h,i)perylene 

Bcnzo(k)nuoranthcne 

Chysene 

Dibetuo(a,h)anthraoene 

Diberuofuran 

Fhiofuithene 

Fhionne 

fnlenoC 1,7,3 -cd}pyrenc 

Methylene Chloride 

Naphihalene 

Phctiinlhrene 

Pyrene 

Tohiene 

T o u l Organic C u b o n 

I'g'g 

HB'g 

)>g/g 

f t / t 

f l / l 

fS/t 
fig's 

l>»1g 

Mg'g 

M|/g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg* 

f i l l 

f i l l 
Mg'g 

MS'g 

Mg'g 

Mg/g 

fS/S 

f t / t 

f t / I 

f i l l 

Mg'g 

f i fS 
f i l l 
f t / I 

f i l l 

f t / I 

f i l l 

f i l l 
f U l 

MS'g 

M«^g 

f i l l 

f i l l 

21 / 1 . 

1 / , l 

rcquemg 

lOOK 

J3S 

100% 

lOOK 

33% 

100% 

67% 

100% 

100% 

100% 

90% 

100% 

100% 

33% 

6T% 

100% 

100% 

100% 

67% 

roo% 
100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

25% 

100% 

100% 

100% 

25% 

100% 

NonDctecu 

n' M h C R L ' 

.. 
13 

0.43 

--
77 

.. 
10.0 

--
0.087 

7.5 

.. 
-. 

J 7,000 

--
• -
.. 
.. 
.. 
--

, - • - • 

.. . 

.. . 

.. . 
0.0062 

-
.. 

0.0025 

-. 

M l i C R L * 

.. 
13 

--

0.43 

-• 
V7 

.. 

... 

10.0 

--
--

0.087 

7.5 

.-

.-

.-
17,000 

--
--
.. 
. - • 

.-

.. 

.. 

.. 
O0062 

.". 
• . " . 

,0.0100 

DetccB 

MifiJmuffl 

7,600 

27 

64 

0.45 

32 

571 

17 

4.2 

9.8 

8.400 

13 

333 

42 

1.5 

9.1 

277 

66 

21 

147 

0.24 

0.39 

0.93 

2.6 

2.8 

4.4 

1.4 

1.6 

3.0 

0.38 

021 

5.6 

0.36 

1.4 

0.0079 

0.13 

• 3.4 

3.8 

0.062 

22,500 

Maximum 

24.000 

27 

463 

0.73 

32 

4.690 

20 

25 

1.600 

51.000 

5,400 

7,200 

420 

1.5 

71 

1,190 

212 

78 

180 

0.24 

0.39 

0.93 

2.6 

2.8 

4.4 

1.4 

1.6 

3.0 

0.38 

0.21 

5.6 

0.36 

1.4 . 

0.0079 

0.13 

3.4 

5.8 

0.062 

45,300 

Ari lhmdic 

M o m ' 

.. 

.. 

--

- • 

470 

.-
--
.. 
-. 
--

.-

.-
-. 
.-
.. 
--
• -
.. 

• . . . 

..-

.. 
0.0043 

... . 

0.017 

:.. 

Sunta id 

Det i i t ion ' 

.. 

-. 

.. 
1.208 

.. 

.. 

.. 

.-

.. 
• -

.. 

.. 

0.0024 

• - . 

. • . . 

0.030 

Ditlribulion' 

Undeiennined 

Undeiennined 

Unddennined 

Undetcnnined 

Undetennlned 

Undetennlned 

Lognomul 

Undetenntned 

Undetcnnined 

Undetcnnined 

Undetcnnined 

Undetcnnined 

Undetcnnined 

Undetcnnined 

Undcleimtited 

Undetcimined 

Undetcnnined 

Undetennlned 

Undetennlned 

Undetcnnined 

undetcfmined 

Undctciiiiiiied 

Lognormal 

Undetcnnined 

Lognonnai 

Undetennlned 

95% UCL or 

Ar i l l l Mean' 

.. 
--
--

--

2,017 

--
• -
--
.. 
--
--
--
--

-. 

-• 

• - - . 

. .. 
O.OII 

--
• . . • 

--
9,602 

Exposure 

Point 

Concenmliofi 

24,000 

27 

463 

0.73 

32 

4,690 

20 

25 

1,600 

51,000 

2.017 

7,200 

420 

1.5 

71 

1,190 

212 

78 

180 

0.24 

0.39 

0.93 

2.6 

2.8 

4.4 

1.4 

1.6 

3.0 

0.38 

0.21 

5.6 

0.36 

i.4 
0.0079 

0.13 

3.4 

3.8 

0.062 

45.300 

# 
n 
It 

ff 

2 x B K 

Mean' 

20,277 

15 

124 

0.82 

4,960 

54 

14 

13 

37,560 

34 

1,189 

1,730 

0.056 

9.4 

680 

501 

76 

36 

-. 
.. 

-• 

--

• • - A 

• • 

-. 

--
--
- • 

Background 

Compansoi^ 

(CEBl 

ICEB) 

ICEB) 

(b l ) 

ICEB) 

lbl<) 

I b l ) 

(Cl iB) 

(CEB) 

(CUB) 

ICEB] 

(CEB) 

(t.kl 

(CEB) 

ICEU) 

(CEB) 

Ibkl 

(CED) 

ICED) 

( ( E B ) 

(CEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

(CEBl 

ICEB) 

(CEB) 

(CEB) , 

ICEBl 

(CEDl 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

ICEB) 

(CEB) 

(CEBl 

(CEB) 

be 

I 

i 1. 
at 
(4 

O 
O 



Tflbie 4-41. Summary Statistics and Exposure Point Concentrations for Soil (0-<l ft BLS) at Study Area 16 - Flashing Ground (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Run Tbne: 11:59:57 AM 

Run Date: 3/31 /99 Proponion of Detects Proportion of Detects Hxposure 

exposure Unit: 16_SSI All Sampled Temporal & Spalial Frequency NonDetects Detects Arithmetic Standard 95% UCt of Point 2 n BK Background 

Parameter Unig Samples* of Detection* MinCRL' MaxCRL' Minimum Maximum Mean* Devfalion* Distribution* Arith. Mean* Concentration' Mean* Comparisof^ 

' Por the "Ptopotikm of Detects • AO Simpkt' ootutnn, counts were based on the iBiavenged data tet. 

*For lhe "Proportion ofDetects - Temporal and Spatial Samples" and the "Frequency of Detection" cohimns. counts were based on lhe averaged data set (e.g.. groundwaier samples ftom the same weO were avenged). 

*CRL • oontnct reporting limiL 

* Nondetects were treated as one-half lhe detection limit in die calculation of the site and background (BK) arilhmelic means, standard devialion, and 95H upper confidence limit (UCL). 

* Dbtribulions fbr the calculation ofexposure potrrf oonoenbvtions (EPCs): 1) Iffewer than 4 samples are available in the site data sd, Tindetcrmined" is indtcalod and the 95SUCL ts calculaled based on a lognomal distribution. 2) Ifthe normal 

goodness-of-fh test coefBdcnt b greater than the critical vahie, lhe distribution b normal 3) U the tognormal goodness-oF-fil lest coefficient b grealer than the critical value, lhe distribulion b lognormal. 4) If neilhcr of ihe goodncss-of-fil 

tesl coefncients b grater ihan the critical vahie, Ihe distribution b assumed to be bgnormal. 

' t h t CPC is the 95% UCL ofthe arithmetic mean wilh 2 exceptions: iflhe 95% UCL exceeds the maxhnum detecied vahie (denoted by a "0" next to lhe EPC) or thc site data set comains fewer than 4 samples, the maxbnum deicaed vahte is substituted as the EPC. 

'CEB (chemtcai exceeding background) • Ihe inaximum detected resutt b peaier than or equal to two Ibnes the background mean; bk (background) - the maximum detected result b less than two limes the background mean; ANOVA - analytb of variance 

detennines that (he ttte and ba^ground data tcts come fiom the tame populaiioa 

- • Not appticable (note: background comparbon not conducted fbr organic compounds) ^ 
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Table 4-43. Summary Statistics and Exposure Point Concentrations for Soil (>I0 ft BLS) at Study Area 16 - Flashing Ground 
Alabama Army Ammunition Plant, Childersburg, Alabama 

fD 
• a 
o RunTlm«;n;59;57AM 

4:>. 
I 

Run Dale: 3/31/99 

Exposure Unil: I 6_SS1 

Parameler 

Ahuninuni 

Anenic 

Baiium 

Ber)1lium 

Chramlum 

Coball 

CoiTJer 

Iron 

U a d 

MafpKsnun 

Man ta i»e 

Molybdenum 

Nickel 

PolaMum 

Zinc 

AceloiK 

Dielhyl Phlhalale 

Toluene 

Tou l Oixanic Ciiibon 

Unit l 

MS'g 

Mg'g 

Mg'g 

MS'g 

Mg'g 

Mg'g 

f i l l 

f i l l 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

MS'g 

MS'g 

M C I 

Mg'g 

M f g 

Mg'g 

Mg'S 

An Sampio' 

10 / 13 

Prapoflton of Defects 

Temporal & Spalial 

samp io ' 

10 / 13 

Frequency 

o rOcua ion ' 

100% 

100% 

100% 

50% 

100% 

100% 

100% 

100% 

77% 

50% 

100% 

100% 

50% 

lOOH 

100% 

100% 

25% 

J5% 

25% 

25% 

NonDelecta 

MinCRL ' 

.-

.. 

.. 
0.25 

.. 
-. 
.. 
-. 

10.0 

I3« 

--
7.5 

0.045 

0.35 

0.0025 

IOOO 

MaxCRL' 

.. 

-. 
0.25 

.-

.. 
--

10.0 

138 

.. 
• -

7.5 

0045 

0.35 

0.0025 

IOOO 

Delects 

Minimum 

S.300 

17 

6.9 

0.73 

25 

7.7 

' . 15 

40,000 

5.2 

256 

31 

6.3 

20 

325 

52 

32 

0.24 

O.SS 

O0042 

3,500 

Maximum 

10.000 

56 

7.3 

0.73 

26 

12 

32 

44.000 

26 

256 

87 

9.4 

20 

619 

56 

73 

0.24 

0.88 

0.0042 

3,500 

Arilhmetic 

Me3n' 

0.077 

0.35 

0.0020 

1,250 

Slandanl 

Devialion' 

.. 

.. 
-. 
• • 
.. 
.. 

.. 
7.6 

.. 

.. 
-. 

on 
0.35 

0.0015 

1,500 

Dislrflwtion' 

Undetemiined 

Undetermined 

Undeiennined 

Undetermined 

Normal 

Undeteimined 

Undetermined 

Undetermined 

Undetefmined 

Undelerminal 

Undetermined 

l.bidetci mined 

Lognoimal 

Lognonnai 

Lognomul 

95% UCL of 

Arith. Mean' 

.--

.-

--
19 

17 

4.6 

0.0090 

50.250 

Exposuie 

Point 

Ctmcenmion 

10.000 

56 

7.3 

0.73 

26 

12 

32 

44,000 

19 

256 

87 

9.4 

20 

619 

36 

73 

0.24 

0.88 

0.0042 

3,500 

2 x B K 

Mean' 

27.567 

52 

41 

0.89 

53 

58 

56 

57,000 

32 

867 

1,331 

--
46 

1,206 

92 

104 

.. 

Background 

Comparisori 

Ibk) 

ICEBl 

(bkl 

Ibk] 

Ibkl 

[bk| 

Ibk) 

Ibk) 

Ibk) 

|bk| 

Ibkl 

ICEBl 

IbV) 
Ibk) 

Ibk) 

Ibk) 
ICEBl 

ICEB) 

(CEBl 

[CEBl 

* For the "Proportion of Detectt - A l Samples" column, counis were based on the unavenged data s e t 

For Ihe "Proporiion of Detects • Temporal and Spalul S a m p k s " and lhe Trequency of Detectbn" columns, counis were based on the averaged data set (eg. , groundwater sampks from lhe same weD were averaged). 

*CRL - conlract leporttng limit. 

* Nondetects were treated as one-half the deteciion limit in the calculation ofthe tfie and background (BK) arithmetic means, standard deviation, and 9 5 % upper confidence Ihnit <UCL). 

* Dbtributions for the calcubtion ofexposure pobil concentrations (EPCs): I) Iffewer tfon 4 sampks are available in the tile daU set. Thtdeterminod" b indicated and the 95%UCL b calculaled hased on a lognormal distribulioa 2) Iflhe nornial 

goodness-of-ftt tesl coefficient b greater than Ihe criiical vahie. the dbtribution b noitnaL ) ) Iflhe lognormal goodness-of-fit tesl coefBctent b greater ihan the critical value, the dbtribution b tognormal. 4) Ifneilher ofthe goodness-of-ftt 

lesi coef1ick:iits b pea te r than the critical value, the distribution b assumed to be bgnormaL 

'Tl ie EPC B the 95% UCLof lhe arithmetic mean wilh 2 exceplions: Iflhe 9 5 % UCL exceeds the maximum detected value (denoted b y a "r* next to the EPC) or the site data te t contains fewer ihan 4 sampks . the maxbnum detected vahie b substituted as ihe EPC. 

• C E B (chemical exceeding background) - the maximum detected resuh b pea te r than or equal to two tbnes the background mean; bk (backpound) - the maximum detected result b k s i than Iwo times the background mean; ANOVA - anal>sb of variance 

ddermines that the site and background data sets oome fhmi Ihe same poputation. 

- - Nol applicable (note: background comparison not conducted for organic compounds) 
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Results of Field Investigations 

LEGEND: 
SECONDARY ROAD 

. AREA BOUNDARY 

;® STUDY AREA 

SURFACE SOIL CONFIRMATION SAMPLE 

SOIL BORING CONFIRMATION SAMPLE 

, ALABAMA STATE PLANE GRID (EAST) 

SAMPLE LOCATION 

O - O Fffr-

I - 10 FEU-

wmncw. cifflips 

>10 FEn 

SWCg 

VOCs 

vans 

EXPIDSI^ 

NOTE: 

'• Contaminant group not enalyzed at this depth. 
^Soil excavated to 2 ft /bgs. 
^Leod analysis only (for SB-16 -031 , -032, ond 
• -064 "3" indicates lead and mercury only). 

120 240 

SCALE: 1" = 240" 

4fl0 
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AUBAMA ARMY AMMUNITION PLANT 
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Rgura No, 
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I 
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Results of Field Investigations 

Metals—Eighteen metals were detected in 
Study Area 16 soils at concentrations exceeding 
background. The metals and their maximum 
concentrations in each soil interval where 
concentrations exceeded bacicground are listed in 
the adjacent box. 

Lead was detected at concentrations 
exceeding background in 16 of the 21 surface soil 
sampling locations.. The four highest lead 
concentrations (5,400, 2,900, 2,360, and 
730 ng/g) reported for surface soils were detected 
in surface samples collected in Buming Pit 2. 
Leaid was detected at concentrations exceeding 
background in 46 of the 51 shallow subsurface 
samples (including samples collected in 
conjunction with excavation activities). The 
highest subsurface lead concentration 
(5,100 ng/g) was detected at 2 feet BLS at a 
location in Buming Pit 3 (SS-16-7060). Lead 
concentrations in deep subsurface soils did not 
exceed background. 

Maximum Concentiations* I 
Analyte (pg/g) 

Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 

Ccbalt 
Ccpper 
Iron 
Lead 
Maqnesium 
Mercury 
Molybdenum 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

(K i f r 
24,000 

27 
463 

31.9 

25 
1,600 
51,000 
5,400 

7,200 
1.5 

71 
1,190 

78 
180 

1-IOft 

197 
1.84 
1.08 

20,000 
7.53 
326 

5.100 
2,450 
0.161 

158 

1,580 

>10ft*' 

56 

9.4 

* Metals also detemnined to exceed background based on ANOVA 
evaluation are shown in bold. 
** ANOVA evaluation was not conducted for any metals except lead 
because there are fewer than four samples in the data set. 

"̂ m^ 

Cadmium was detected in one surface and two shallow subsurface soil samples at 
concentrations above the background. Cadmium was detected at a concentration exceeding 
background in a shallow subsurface sample collected from SB-16-061, located in Buming Pit 3, 
immediately to the east of the location in Buming Pit 2 (SB-16-7030), where cadmium was 
detected at a concentration above background in surface soii. Cadmiiun also exceeded background 
in the 1-foot BLS sample from SB-16-064, which is located in the northem portion of Study Area 
16. The concentration of cadmium detected in the subsurface soil was approximately 30 times less 
than the concentration reported in surface soils. 

Ejqtlosives—Field screening results for explosives within Study Area 16 are shown on 
Sheets 4-5 and 4-6. Explosives were detected in 21 Supplemental RI surface soil samples at 
concentrations ranging from 3.25 to 816 |ig/g, with the highest explosives concentrations (816 and 
176 fig/g) in subsurface soils (2 to 3 feet BLS) at Burning Pit 3. Samples from Buming Pits 1, 2, 
and 4 contained lower explosives concentrations (all less than 43 pg/g). Explosives also were 
reported in surface samples collected elsewhere at the site; one surface soil sampling location in the 
buming ground in the southeastem portion of the study area contamed 44 pg/g of explosives. 
Thirty-three subsurface soil samples collected from eight soil borings were screened for explosives; 
however, explosives were detected in only two subsurface samples collected from one boring 
(SB-16-061) located in Buming Pit 3 (Sheet 4-6). 

Final RI Report 4-133 August 2001 



Results of Field Investigations 

Explosives were not detected during 
laboratory confumatory analysis of surface 
samples collected at Study Area 16; however, 
seven explosives were detected in shallow 
subsurface soils at Study Area 16. These seven 
explosives and their maximum concentrations in 
shallow subsurface soils are listed in the adjacent 
box. Maximum concentrations of 1,3,5-TNB, 
2-A-4,6-DNT, and 4-A-2,6-DNT were detected in 
Supplemental Rl borings SB-16-061 and SB-16-062, which are located in the area of Burning Pits 2 
and 3. Maximum concentrations of TNT, 2,4-DNT, 2,6-DNT, and tetryl were detected in Roy F. 
Weston's excavation samples. Explosives were not detected in the deep subsurface soils. 

Maximum Concentrations I 

Analyte (pg/g) 
1,3,5-TNB 
TNT 
2,4-DNT 
2,6-DNT 
2-A^,6-DNT 
4-A-2,6-DNT 
Tetryl 

0-<1ft l-IOft 
3.23 
95* 
33* 
2.7* 

0.393 
0.434 

2* 

>10ft 

* Roy F. Weston data. 

Ŵ  

Maximum Concentrations I 
Analyte (pg/g) 

Acetone 
Chloroethane 

Methylene chloride 
Toluene 

O^lf t 

0.0079 
0.062 

l-IOft 
0.6 

0.0014 

0.01 

0.053 

>10ft 
0.24 

0.0042 

VOCs—Four VOCs were detected m soils 
at Study Area 16. The maximum concentrations 
in Study Area 16 soils are listed in the adjacent 
box. 

The concentrations of methylene chloride, acetone, and chloromethane detected in Study 
Area 16 samples are not indicative of significant VOC contamination in the surface and subsurface 
soils. Methylene chloride was detected in one surface and three shallow subsurface soil samples at 
Study Area 16 at concentrations near the detection limit (0.00616 ng/g). Acetone was detected in 
three shallow subsurface samples and one deep subsurface sample. Results of acetone analyses for 
saimples collected before June 19, 1995, as were all four samples with acetone, are believed suspect 
as a result of field laboratory activities. 
Chloroethane was detected in one shallow 
subsurface soil sample (SB-016-033; 1-foot BLS) 
at a concentration that was below the CRL. 

Toluene was detected in one surface, sbc 
shallow subsurface, and one deep soil sample. 
Half of the toluene detections were at 
concentrations less than 0.007; in general, toluene 
concentrations decreased with depth. 

SVOCs—Twenty SVOCs were detected 
in Study Area 16 soils. Their maximum detected 
concentrations are listed in the adjacent box. 
Most SVOCs (primarily PAHs) were reported at 
less than 1 |ig/g, although nine PAHs and 
di-N-butyl phthalate were detected at 
concentrations greater than 1 pg/g in subsurface 

J^ 

Maximum Concentrations I 
Analyte (pg/g) 

2-methylnaphthalene 
Acenaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 

Benzofblfluoranthene 
Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Diethylphthalate 
di-N-butyl phthalate 
Fluoranthene 
Fluorene 
lndeno(1,2,3-cd)pyrene 
Naphthalene 
N-Nitrosodiphenylamine 
Phenanthrene 

Pyrene 

0-<1ft 
0.24 

0.39 
0.93 
2.6 
2.8 
4.4 
1.4 
1.6 
3 

0.38 
0.21 

4.2 
5.6 
0.36 . 
1.4 

0.36 
0.09 
3.4 
5.8 

1-10ft 

0.57 

0.62 
0.99 

0.53 
0.56 

0.67 
1.3 

0.76. 

>10ft 

0.88 

\J 
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Results of Field Investigations 

soil sample SS-16-7030, located in the area of Buming Pit 2. Sample SS-16-7030 was the only 
\ ^ surface sample in which SVOCs were detected. Most of the shallow subsurface PAHs detected 

were present in the 1-foot BLS sample collected from SB-16-064, located at the northem end of Pit 
4 in the northem portion of the study area. Diethyl phthalate was reported in one deep subsurface 
sample collected in the southeastem portion ofthe study area (SB-16-042; 25 feet BLS). 

Summary—Explosives and lead contamination above applicable criteria was detected in 
the soils at Study Area 16 during the Phase 1 Supplemental RI sampling. The screening and 
confirmatory results from samples collected during Phase 1 resulted in remediation of soils in the
area of Buming Pits 2 and 3. Roy F. Weston excavated and incinerated soils wdth explosives or 
explosives and lead concentrations above applicable criteria. ECC conducted remediation for the 
resultant lead-contaminated incinerator ash and for remaining soils with lead concentrations in 
excess of 300 ppm. 

Metals, explosives, VOCs, and SVOCs were detected in the soils remaining at Study Area 
16. Lead concentrations up to 5,400 and 5,100 |ig/g remain in the surface and subsurface soils, 
respectively, although mean lead concentrations all are below 500 pg/g. Seven explosives 
compounds were detected in the soils remaining at Study Area 16. The maximum detected 
explosives concentration was less than 100 pg/g (TNT at 95 pg/g). 

Twenty SVOCs, the majority of which are PAHs, were detected in the soil samples 
I J collected at Study Area 16. Four VOCs were detected in Study Area 16 soils at concentrations less 

than 1 pg/g, with the majority of concentrations near or below detection limits. Nineteen of the 
detected SVOCs were present in the sample from SS-16-7030, which was the only surface soil 
sample in which SVOCs were detected. Most ofthe shallow subsurface PAHs were detected in the 
1-foot BLS sample collected from SB-16-064 located in Burning Pit 4. Only one SVOC 
(diethyl phthalate) was detected in the deep subsurface soil samples. The presence of metals, 
explosives, and PAHs in Study Area 16 soils is likely related to the area's use as a buming groimd. 

4.5.11 Study Area 1 7 - Propellant Shipping Area 

Study Area 17 is the Propellant Shipping Area. The lower portion ofthe area was used as a 
shipping area for smokeless powder while the upper portion was used for shipping high explosives 
(DA 1978). The 1986 RI (ESE 1986) noted a low incidence of nifroaromatic compounds detected 
in the soils sampled from this area. 

During Phase 1 ofthe Supplemental RI, 41 surface soil screening samples were collected at 
Study Area 17 and analyzed for explosives in the field laboratoiy. Three confirmatory samples 
were collected from the surface and analyzed in the laboratory for metals, explosives, VOCs, and 
SVOCs. Two additional surface soil samples were analyzed in the laboratory for explosives only. 
Five borings were drilled in Study Area 17 and all depth intervals were screened for explosives. 
Twelve soil samples from five borings were collected from the subsurface and analyzed in the 
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Results of Field Investigations 

laboratory. Confirmatory samples were analyzed for, metals, explosives, VOCs, and SVOCs. 
During Phase 2, five borings were drilled to collect screening soil and in situ groundwater samples. 
A soil sample, was not collected from two of the borings because rock was encoimtered. One 
confirmatory sample was collected from screening location SB-17-083 and analyzed in the 
laboratory for lead and explosives. Sheets 4-5 and 4-6 present the screening results for surface and 
subsurface soils, respectively, for Study Area 17. 

Explosives hot spots were detected in surface soil screening samples collected from six 
locations during Phase 1 of the Supplemental Rl. Based on SAIC's results, Roy F. Weston, 
conducted a sampling program in September 1996 to delmeate the extent of contamination around 
the hot spots at Study Area 17 so that remediation ofthe area could be conducted. The area was 
sampled by Roy F. Weston on 50-foot grids, and grab samples were screened for explosives m an 
onsite field laboratory. Ten grab samples were collected from each of the six hot spot locations 
(SS-17-0020, SS-17-0030, SS-17-0740, SS-17-1000, SS-17-1010, and SS-17-1020), for a total of 
60 samples. Twelve confirmatory samples, each of which was a composite of five grab samples, 
were submitted for laboratoiy confirmatory analysis. Confirmatory samples were analyzed for 
explosives and total lead. 

During the confirmatory analysis of the 12 samples from Study Area 17, 2,4-DNT was 
detected in 1 sample at 5.2 ppm. The excavation criterion for 2,4-DNT was 356 ppm. No other 
explosives were detected in any samples. Total lead was detected at a maximum concentration of 
25.6 ppm, which was well below Roy F. Weston's lead excavation criterion of 500 ppm. Roy F. 
Weston's analytical results indicated that concentrations greater than excavation criteria were not 
present in Study Area 17 soils. However, to be conservative, USACE directed Roy F. Weston to 
excavate four ofthe hot spot grids (50 by 50 feet) in which elevated explosives concentrations were 
detected during the Supplemental RI conducted by SAIC. The four locations were SS-17-0020, SS-
17-0030, SS-17-0740, and SS-17-1010. The proposed excavation depth was 2 feet BLS, which 
resulted in an excavation volume of 741 cubic yards. Following remediation, confirmatory samples 
were collected just below the excavation depth to verify that remediation was adequate. 

The data summary tables for SAIC Supplemental Rl Study Area 17 are presented in 
Appendix K. Roy F. Weston post-excavation confirmatory data are presented in Appendix L. For 
the purposes of statistical analysis, the Supplemental RI data collected from the four locations that 
subsequently were remediated were removed from the data set. The Roy F. Weston post-
excavation confirmatory data were included in the statistical analysis, as follows: 

• 17EXCF1267 replaced SS-17-0020 
• 17EXCF1268 replaced SS-17-0740 
. 17EXCF1269 replaced SS-17-0030 
• 17EXCF1270 replaced SS-17-1010. 
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Results of Field Investigations 

Summary statistics for the soils remaining in Study Area 17 are shown in Tables 4-44 
\ ^ through 4-46. These tables present statistics for chemicals detected in the surface or subsurface 

soils remaining at Study Area 17 after the remedial activities. Figure 4-28 shows the locations 
where the general contaminant group CEBs (metals, SVOCs, VOCs, and explosives) were detected 
in the soils remaining at Study Area 17 after remediation. The lack of quadrants in a circle 
indicates that a soil sample was not collected at that interval. 

Metals—Fifteen metals exceeded back
ground in Study Area 17 soils (listed in the 
adjacent box). The maximum surface soil 
concentrations of aluminum, arsenic, barium, 
beryllium, iron, and nickel all were detected in 
sample SS-17-1000, which was located at the 
northem end of Study Area 17. Manganese was 
detected at a maximum surface soil concentration 
in sample SS-17-0010. Molybdenum, which was 
detected above background in one deep 
subsurface sample (SB-17-035, 25 feet BLS), was 
not detected in any other soil samples at Study 
Area 17. The maximum arsenic detections in 
both Study Area 17 subsurface soil intervals were 
the highest detected throughout Area B during the 
Supplemental Rl. The arsenic backgroimd 
exceedances were detected in samples located in 
the northem half of Study Area 17. Lead exceeded 

background in all shallow subsurface soil samples, although the maximum detected concentration 
was less than 25 pg/g. In general, other metals concentrations that exceeded background were 
randomly distributed. 

J J 

Maximum Concentrations* I 
Analyte (pg/g) 

Aluminum 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Copper 
Iron 
Lead 
Maqnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Sodium 

Kur 
29,000 
46.6 
271 
3.57 

52,000 

14.6 
40,000 

12,000 
2,400 

13.6 
3,000 

1-10R 

54.1 • 

0.826 

114 

23.1 

690 

21.6 

76.3 

>10ft 

82.3 

1.27 
398 

12.8 

* Metals also determined to exceed background based on ANOVA 
evaluation are shown in bold. 

** ANOVA evaluation was not conducted because there are fewer 
than four samples in the data set. 

Explostyes—Forty-one surface and three subsurface soil samples were collected and 
screened in the field for explosives. Concentrations ranged from <2.5 to 1,492 pg/g. Ofthese, five 
surface soil results were more than 100 pg/g, as shown in Sheets 4-5 and 4-6. As discussed 
previously, soils around four locations have been remediated. Samples collected from soils that 
remain at Study Area 17 indicated the presence of 2,4,-DNT in two samples. 

2,4-DNT was detected at a concentration (0.0844 pg/g) below the CRL (0.31 pg/g) in 
surface soil sample SS-17-1000. The 25-foot BLS sample from boring SB-17-035 also contained 
2,4-DNT at a concentration (0.064 pg/g) below the CRL. Explosives were not detected in the post-
excavation confirmatory samples. 

J y 
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Table 4-44. Summary Stallitlcs and Exposure Point Concentrations for Soil (0-<l ft BLS) at Sludy Area 17 • Propellant Shipping Area 
Alabama Army Ammunition Plant, ChllderaburB> Alabama 

RunTime: ):}7:48PM 

Run Due: 3/29/99 

Exposure Unil 

Pinmeler 

Animinum 

Aner ic 

B&num 

Bcryltium 

Calcium 

Clnuntuni 

Cobalt 

Copper 

l ion 

U a d 

Mi^ iestum 

Manganese 

Nickel 

Poussium 

Soonim 

Vanadium 

I 7 _ S S I 

2,4-Dnitiil(oluene 

Toluene 

ToUlOls in ic Cartwn 

UniB 

fS/S 

l « ^ 

. l ie's 

M's 
OS'S 

Mg'S 

CS'S 

Mg'S 

Mg'S 

Mg'S 

Mg'S 

MCS 

f i l l 

f i l l 
f l i t 

f i l l 
f i l l 

f l i t 

f i l l 

Proponion or Detecu 

AU Samples-

Propoftlon o f Detectt 

Temporal A Spatial 

SaA.Bfcs' 

Frequency 

orOeltct ion' 

100% 

50% 

100% 

100% 

)00% 

100% 

30% 

100% 

100% 

100% 

100% 

100% 

50% 

100% 

30% 

100% 

50% 

30% 

100% 

NonDcncB 

MinCRL ' 

13 

J.5 

7.5 

.. 
30 

-. 
0.034 

0.0023 

--

MaxCRL* 

--
13 

.. 

.. 
--
.-
2.5 

--

7.5 

-. 
30 

.-
0.036 

0.0023 

Exposure 

DelecB Arithmelic Sundanl 95% UCL o f Poinl 

Mmimum 

12,000 

41 

M2 

0.70 

69) 

33 

5.6 

4.7 

23,000 

13 

437 

IOOO 

'< 
443 

284 

3S 

0.084 

0.0033 

21.300 

Maximum Mean' Deviation' Dtsnibution' A i i lK Mean' Concentration' 

29.000 

47 

271 

3.6 

52.000 

36 . . . 

5.6 

13 

40,000 

IS 

12,000 

2.400 

14 

3.000 

284 

72 

0.084 

0.0033 

27,100 

Undeltinnincd 

UndelcmiiiKd 

Undetcnnined 

UndeimnUKd 

UndetenniMd 

Undetenni ncd 

UndettnnuwJ 

Undeteimined 

Undaennined 

Undettmtined 

Undeteimined 

Undetcnnined 

Undetermined 

Undetdmincd 

29,000 

47 

271 

3.6 

52,000 

36 

5.6 

15 

40,000 

18 

12,000 

2,400 

14 

3,000 

284 

72 

0.084 

0.0033 

27,100 

2 x B K 

Mean' 

20,277 

13 

124 

0.82 

4.960 

34 

14 

13 

37,560 

34 

1,189 

1,730 

9.4 

680 

301 

76 

--
.. 

Background 

Comparison^ 

(CEBJ 

(CEBl 

(CEB) 

(CEB) 

ICEB) 

(bk) 

(bk) 

(CEBl 

(CEB) 

Ibk) 
(CEB) 

(CEB) 

ICEB) 

(CEB) 

(bk) 

(bk) 

(CEBJ 

(CEB) 

ICEB) 

' For the "Proportion o f Detects - AB Samples" column, counts were biscd on the unavenged data SCL 

^ For die Tropoi t ion o f Detectt • Temporal and Spalial Samples" and the Trequency o f Detection" cohimns, couitfs were based on the averaged data set ( rg . , poundwatcr samples ftom the tame weO were averaged). 

*CRL • contract reponing ItmiL 

'Nondetects were treated as one-hatf lhe detection Ihnh in the calculation ofthe site and background (BK) arithmetic means, itandaid deviation, and 9S% upper confidence irnih (UCL). 

* Distributions for the cakulation ofexposure pobit oonccnbations (EPCs): I ) I f fewer than 4 samples are avaibbie hi the site data set. Undetermined" is indicaied and tlie 95%UCL is calculaled based on a lognormal distribution. 2) I f lhe nomtal 

goodnesf-of-fit tesl eoefBcient i t grealer than ihe critica) vahie, the distribution b norma). 3) If the lognormal goodness-of fil lest coefBcienl is greater ihan lhe critical value, the distribution b bgnormal. 4) Ifneither ofthe goodness-of-fil 

tesl coeflicierrts is greater than lhe critica] vahie. lhe distTftnilion b assumed to be bgnormal. 

'The EPC b lhe 9S% UCL of ihe aridHTWtic mean with 2 exceptions: i f the 9 5 S UCL exceeds ihc maximum detected vahie (denoted by a "tT nexl lo Ihe EPC) or the site dala set contains fewer than 4 samples, the maximum detected value a lubsikuied as lhe EPC. 

' CEB (chemical exceeding background) - the maximum detected result b greater Ihan or equal to iwo times the background mean; bk (background) - the maxfaniim detected resuh b kss than two limes the background mean; ANOVA - anBl>ib o f variance 

deiermines Ihat Ihe site and background data sett come Aom ihc same population. 

- • Not applicable (note: background comparison not conducted for organic compounds) 
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Table 4-4S. Summary Statistics and Exposure Point Concentrations for Soil (1-10 ft BLS) at Study Area 17 - Propellant Shipping Area 

Alabama Army Ammunition Plant, Childersburg, Aiabama 

RunTime: 5:57:48 PM 

Run Date: 3/29/99 

Exposure Unit: I 7 _ S S I 

Parameter 

Aluminum 

Anternc 

Barium 

Ber>llium 

Cakium 

Chromium 

Cobjft 

Copper 

Iron 

Lead 

Ma^Ksium 

ManganCK 

Memny 

Nickel 

• oiassum 

Sodiiim 

Vanadium 

Zinc ' 

Toluene 

Total Oiganic Carbon 

Propoition o f Detectt 

AD Samples' 

UniU 

Vtlt 4 1 4 

f i l l J ' ^ 
pg'g 4 / 4 

M|/g 3 / 4 

|ig/g 3 / 4 

Mg'g i / * . 

fSiS . . 'i 1 4 

Vl l l 4 / 4 . 

Mg* 4 1 4 
f i l l . I l l 
pg/g 4 / 4 

MS'g 4 1 4 

f i l l 1 / 4 

Mfg 3 / 4 

MB'g 4 / 4 

Mg'g 1 / 4 

f t / I 4 / 4 

Mg/g 2 / 4 

Mg'g 2 / 5 

Mg'g i 1 4 

Proponion of Detectt 

Temporal & Spalial 

Sampled 

Fmiuency 

o f Detection' 

100% 

73% 

100% 

75% 

73% 

50% 

30% 

100% 

100% 

88% 

100% 

100% 

25% 

75% 

100% 

23% 

100% 

50% 

40% 

75% 

Pi ̂ mi Je leci^ 

MinCRL' 

-. 
13 

.. 
0.25 

109 

23 

15 

--
--

10.0 

.. 
--

0.087 

7.3 

30 

73 

0.0023 

IOOO 

MaxCRL' 

-. 
13 

.-
0.25 

109 

32 

2.5 

--
--

10.0 

.. 
• • 

0.087 

7.5 

.. 
30 

--
75 

0.0023 

IOOO 

Detecu 

Minimum 

11.000 

17 

7.4 

0.52 

163 

25 

4.5 

4.5 

24,000 

14 

234 

80 

0.12 

I I 

216 

'* 
50 

17 

0.0047 

4.090 

24.000 

54 

48 

0.83 

423 

114 

6.2 

25 

50,000 

23 

740 

690 

0.12 

22 

1.190 

7 6 . 

73 

38 

0.025 

17.200 . 

Arithmelic 

Mean' 

15.250 

32 

27 

0.57 

204 

42 

3.3 

16 

37,250 

16 

464 

271 

0.062 

14 

649 

38 

. 61 

32 

0.0067 

6.368 

Slandanl 

Deviation' 

3.909 

24 

19 

0.33 

156 

49 

2.5 

10 

12.258 

5.9 

242 

285 

0.038 

8.7 

414 

26 

12 

10 

O.OIO 

7,311 

Lognormal 

Nomu l 

Nonnal 

Nomu l 

Nomu l 

Lognonnai 

Nonnal 

Nomu l 

Nonnal 

Normal 

Normal 

Normal 

Lognonnai 

Normal 

Normal 

Lognormal 

Nomul 

Lognomul 

Lognomul 

Nomu l 

93% UCLo f 

Arith. Mean' 

27,678 

60 

49 

0.96 

387 

2,449 

6.2 

27 

51,673 

20 

749 

606 

0.18 

25 

1.1.16 

139 

74 . 

69 

0.47 

15.170 

Exposure 

Point 

Concentration' 

24,000 

54 

48 

0.83 

387 

114 

6.2 

25 

50.000 

20 

740 

606 

0.12 

22 

1,136 

76 

73 

38 

0.025 

15,170 

2 x B K 

Mean' 

27.733 

42 

64 

0.80 

2.475 

46 

7.0 

26 

52,000 

14 

1.399 

682 

0.12 

21 

1.324 

96 

71 

--

Background 

Corapaiisoi^ 

(bk) 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

(bk) 

(bk) 

(bk) 

(CEB) 

(bk) 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

(bk) 

ICEB) 

(bkl 

(bk) 

(CEB) 

(CEB) 

* For the T r o p o i l b n of Detects - A l Samples" column, counts were based on the unaveraged data set 

^ Por lhe T r o f x i n b n of Detectt - Temporal and Spatial Samples" and lhe Trequency of Detectbn" columns, countt were based on the averaged dala set (e.g.. groundwater samples from the same wcD were averaged). 

*CRL • contract reponbig l imit 

'Nondetectt were Ireaicd as one-half the detection limit m the calculation ofthe sile and background (BK) arithmetic mearo, standard deviation, and 95% upper confidence limit (UCL). 

* DistribulioiB for the calculation ofexposure pomi conccnlrations (EPCs): I ) I f fewer than 4 samples are available In the site data set, "Undetermined" b bidicaied and the 95%UCL b cakutaied based on a lognormal distribution. 2) I f ihe nonnal 

goodness-of-fit tesl coeffictenl b grealer than the criiical value, the dbtributitm Is normal. 3) Ifthe lognonnai goodness-of-ftl tesl coeffkicnl b greater than thc criiical vahic, the dbtribulion b bgnormal. 4) Ifneither ofthe goodncss-of-fil 

lest coeffictentt b grealer than the critical vahie, the dbtribution b assumed to be bgnonnaL 

' The EPC b the 95% UCL o f the arithmetic mean with 2 exccptnts: i f lhe 95% UCL exceeds the maximum delected value (denoted by a "ff" nexl lo lhe EPC) or the site data set conuins fewer than 4 samples, the maxinum detected value b subsiituied as lhe EPC. 

' C E B (chemical exceeding background) - O K maxbimm detected result u grealer than or equal to iwo IBIKS the background mean; bk (background) - lhe maximum delected resull b less than two limes the background mean; ANOVA - aial>sb o f variance 

determines thai lhe silc an i background data sett oome from the same population. 

- - Not applicable (note: background comparison not conducted for organic compounds) 
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Table 4-46. Summary Statistics and Exposure Point Concentrations for Soil (>10 ft BLS) at Study Area 17 - Propellant Shipping Area 
Alabama Army Ammunition Plant, Childersburg, Alabama 

RunTime: 5:57:48 PM 

Run Date: 3/29/99 

Exposure l * t i l : l 7 _ S S I 

PaiametCT UniU 

Proponion of Detecu 

Al) Samples' Tempa'al A Spalul 

Sampled 

Frequency NonDetects Detectt 

ofDeteclion' MinCRL* MaxCRL' Minimum Maximutn 

Afithmettc 

Mean' 

Standard 

DevUtion' Disuibution' 

93% UCL o f 

Ar i tKMean' 

Exposure 

Poinl 

Concentraiion 

2 x B K 

Mean' 

Background 

Comparisoir 

Ahiminum 

Aisci ic 

Barium 

Beryllium 

Calcium 

Clavmium 

Cobab 

Copper 

(ron 

Lead 

Ma9icaiuni 

Manganese 

Mercury 

Molybdenum 

Nkkel 

Potassum 

Vanadium 

Zinc 

2,4-DinitrDlohiene 

Acetone 

Methylenechloride 

Toluene 

MS'g 

MS'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

f i l l 
ft/t 
f i l l 
f t / I 
f t / I 
f t / l 
f t / t 
ft/1 
f i l l 
f i l l 
ft/B 
Mg'g 

Mg'g 

Mg'g 

MS'g 

Mg'g 

100% 

100% 

100% 

60% 

40% 

80% 

80% 

100% 

100% 

83% 

80% 

100% 

20% 

20% 

80% 

100% 

100% 

80% 

17% 

40% 

20% 

40% 

0.25 

109 

21 

2.5 

10.0 

138 

0.087 

4.0 

7.5 

99 

0.034 

0.023 

0.0062 

0.0025 

0.25 

109 

21 

2.5 

10.0 

138 

0.087 

4.0 

7.5 

99 

0.16 

0.067 

0.011 

0.0023 

6.4W 

17 

9.0 

0.42 

143 

15 

5.3 

12 

15,000 

15 

ISS 

76 

0.22 

13 

15 

295 

20 

26 

0.064 

0.92 

0.0047 

0.0035 

22.000 

82 

21 

1.3 

398 

36 

13 

28 

55,000 

32 

629 

227 

0.22 

13 

27 

970 

87 

61 

0.064 

1.00 

0.0047 

0.0038 

12.460 

36 

13 

0.49 

141 

23 

7.5 

20 

34,400 

20 

315 

150 

0.079 

4.2 

16 

580 

54 

44 

0.042 

0.40 

0.0O43 

0.0022 

6J50 

27 

5.1 

0.47 

149 
I I 

4.3 

7.4 
18,770 

9.6 

210 

69 

0.079 

4.8 

8.2 

277 

29 

13 

0.024 

0.51 

0.0011 

0.0013 

Nonnal 

Lognormal 

Normal 

Nonnal 

Lognormal 

Normal 

Nonnal 

Normal 

Nomu l 

Normal 

Normal 

Nonnal 

Lognonnai 

Lognomul 

Normal 

Normal 

Nonnal 

Normal 

Lognotmal 

Lognormal 

Normal 

Lognormal 

18,514 

108 

18 

0.94 

1,032 

34 

12 

27 

32.295 

28 

516 

216 

0.31 

23 

24 

845 

82 

. 56 

0.077 

73.940 

0.0053 

0.0059 

18.514 

82 

18 

0.94 

398 

34 

12 

27 

52.295 

28 

. 516 

216 

0.22 

13 

24 

843 

82 

36 

0.064 

1.00 

0.0047 

0.0038 

27,567 

52 

41 

0.89 

257 

53 

38 

56 

57.000 

32 

867 

1,331 

0.36 

46 

1,206 

92 

104 

(bk) 

(CEBIANOVA) 

(bkl 

(CEBIANOVA) 

(CEBIANOVA) 

(bk) 

(bk) 

(bk) 

(bk) 

(bk) 

(bk) 

(bk) 

(bk) 

(CEB) 

(bk) 

(bk) 

(bk) 

(bk) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

' For Ihe "Propotlion of Detects • AB Simples' column, counu were based on the unaveraged dau set 

' For the "Proponion of Detectt - Temporal and Spalial Samples' and the "Fretiuency o f Detection" columns, countt were based on the avenged data set ( e g . groundwater samples l iom the same weD were averaged). 

'CRL - contract reporting l imit 

' Nondetectt were treated as one-halfthe detection Kmit in the calcuUtion ofthe site and background (BK) arilhmetic means, standaid devUtion, and 93% upper confidence limit (UCL). 

'Disnributiona Ibr the calcuUtion ofexposure pobil eoncenirations (EPCs): l ) l f fewer than 4 samples are available in the site data set, "Undetermined" b indicated and the 95%UCL is calculated based on a kignonnal distribulioa 2) I f lhe normal 

goodnecs-of'fit ten coefficierH is peater than the critical vvhie. Ihe distribution Is normal 3)lflhelognonna]goodivss.ol^frtleEtooeffreHntis9vaterthanthecritic8l vahie, the distribuUon is fognormal. 4) Ifneither ofthe goodncss-o^frt 

Ust coelltciente is greater than Ihe criiical vahie. the dbtribution is assumed to be bgnormaL 

'The EPC B the 93% UCLof the arithmetic mean with 2 exceptions: i f the 95% UCLexcccds the maxbnum detected vahic (denoted by a "« " nexl to the EPC) or the site dau set conuins (ewer than 4 samples, the maximum detected value b substiuted as Ihe EPC. 

' CEB (chemical exceeding background) • the maxnnum tletected resuh is giealCT than or equal 10 Iwo tbnes the background mean^ bk (background) • the nuximum (ktected resuh b less than tw^ 

determbies that the site and badtground dau seu come from the same popubtioa 

' - Nol applicable (note: background comparison not conducted for oiganic compounds) 
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Results of Field Investigations 

Maximum Concentrations | 

Analyte (pg/g) 
Acetone 
Methylene Chloride 
Toluene 

0-<1ft 

0.0033 

MOft 

0.025 

>10ft 
1 

0.0O47 
0.0038 

VOCs—Three VOCs were detected in 
Study Area 17 soils and are listed in the adjacent 
box. The highest concentration of acetone was 
detected at SB-17-036 at a concentration of 
1 pg/g in the 25-fodt BLS interval. Acetone also 
was detected in the 25-foot BLS sample at 

SB-17-039. Results of acetone analyses for samples collected before June 19, 1995 (as was the 
sample from SB-17-036), are believed to be suspect as a result of field laboratory activities. 
(Section 4.2 provides an additional explanation.) Methylene chloride was detected in one deep 
subsurface soil sample (SB-17-039; 25 feet BLS) at a concentration below the CRL. Toluene was 
detected in five samples, all at concentrations near the CRL. 

SVOCs—SWOCs were not detected in the soils at Study Area 17. 

Summary—Metals, one explosive, and VOCs were detected above backgroimd 
concentrations in soils sampled within Study Area 17. Metals exceeding background generally 
were randomly distributed across the study area. Subsurface concentrations of arsenic detected at 
Study Area 17 were the highest detected throughout Area B during the Supplemental RI. Arsenic 
concentrations were highest in the northem half of the study area, although there is no known 
source for arsenic in this area. 

The screening and confirmatory results for explosives resulted in remediation of the soils 
around four locations sampled by Roy F. Weston. A total of 741 cubic yards of soil were excavated 
and remediated. Supplemental RI and remediation confinnatory sampling indicate that no 
explosives remain in the soil at concentrations greater than the CRL (0.31 pg/g). 2,4-DNT was 
detected at lower concentrations in one surface soil sample and one subsurface soil sample. 
Acetone was detected in two subsurface soil samples at a maximum concentration of 1 pg/g. The 
two other detected VOCs (methylene chloride and toluene) were detected at concentrations near the 
CRL. SVOCs were not detected. 

4.5.12 Study Area 18 - Blending Tower Area 

Study Area 18 was described in the Installation Assessment (DA 1978) as the blending area 
where the smokeless powder was mixed to make it more homogeneous. The equipment consisted 
of an upper and lower bin. During the blendmg operation, the powder was moved to an upper bin 
pneimiatically and then dropped over an umbrella into the lower bin. This procedure was repeated 
twice (DA 1978). Historical drawings of the installation indicate that the blending area wais 
actually to the south ofthe Area B property. Study Area 18 is believed to be part ofthe Propellant 
Shipping Area for the smokeless powder. This area has not been investigated before the current 
Supplemental RI activities. 
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Results of Field Investigations 

Seven soil sampling locations were established at Study Area 18 during the Phase 1 
K j Supplemental RI. Surface soil samples were collected from these locations and screened for 

explosives in the field laboratory. Six surface soil samples were selected and sent to the laboratory 
for confirmatory analysis. In addition, two borings were drilled in Study Area 18 during Phase 1, 
and each 5-foot interval was sampled and screened for explosives. Soil samples were collected 
from each ofthe borings at two depth intervals and sent to the laboratory for confirmatory analyses. 
All confirmatory soil samples were analyzed for metals, explosives, VOCs, and SVOCs. During 
Phase 2, six borings were drilled for collection of screening soil and m situ groundwater samples. 
A soil screening sample was not collected from two of the borings because rock was encountered. 
One sample from each of three borings (SB-18-076, SB-18-077, and SB-18-078) was sent to the 
laboratory for confirmatory analysis. These three samples were analyzed for lead and explosives. 

Appendix K presents data summary tables for Study Area 18. Tables 4-47 through 4-49 
present summary statistics for Study Area 18 soils. Figure 4-29 shows the locations where the 
general contaminant group CEBs (metals, SVOCs, VOCs, and explosives) were detected in 
Study Area 18 soils. The lack of quadrants in a circle indicates that a soil sample was not collected 
at that interval. Sheets 4-5 and 4-6 present the screening results for surface and subsurface soils, 
respectively, for Study Area 18. 

Maximum Concentrations* I 
Analyte (gg/g) 

Arsenic 
Bariuin 
Chromium 
Cctialt 
Copper 
Iron 
Lead 
Manganese 
Vanadium 

(K1ft 
40.7 

80.8 

66,000 

2,000 
98.3 

i-ioir 

96.1 
69.7 
7.41 

16.2 
1,600 

>ioir 

144 

Metals—^Nine metals exceeded back
ground concentrations in Study Area 18 soils 

K ^ (seethe adjacent box). Five metals (arsemc, 
chromium, iron, manganese, and vanadium) were 
present in the surface soils at concentrations that 
exceeded background. Four ofthe five maximum 
concentrations for metals were present in one 
sample (SS-18-1030). The maxunum con
centration for manganese was present in sample 
SS-18-0000. Barium, cobalt, lead, and 
manganese were detected at maximum 
concentrations in the shallow subsurface soils at 
location SB-18-038. Chromium was detected at a 
maxunum concentration in the shallow subsurface 
sample at location SB-18-037. Locations SB-18-037 and SB-18-038 are both located along the 
eastem boundary of Study Area 18. The detected copper concentration in the 25-foot BLS interval 
at location SB-18-037 (144 pg/g) was the maximum detected in deep subsurface soils throughout 
Area B during the Supplemental RI. Metals concentrations did not vary consistently with depth. 
For example, copper concentrations increased with depth, while lead concentrations tended to 
decrease. 

* Metals also detemnined to exceed bacitground based on ANOVA 
evaluation are shown in t)old. 

** ANOVA evaluation not conducted because there are fewer than 
four samoies in the data set. 

J J 
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Table 4-47. Suinmary Stallitlcs and Expoaure Point Coneentrationi for Soil (0-<l ft BLS) at Study Area 18 - Blending Tower Area 
Alabama Army Ammunition Plant, Chllderiburg, Alabama 

Run T i m r 6«> : 12 PM 

Run Date: 3/29/99 

Exposure Unit: 18_SS1 

Panmcter 

Aluminum 

Anenic 

Barium 

Beiyllium 

Calcium 

Chromium 

Cobab 

Copper 

Iran 

Lead 

Mafpiesium 

Manganese 

Potass krni 

Vanadium 

Zmc 

J,4.Dinitrotoluene 

TohKne 

Tou l Organic Carbon 

Unhs 

f i l l 

f i l l 

f i l l 

f i l l 

fS/g 

f i l l 

f i l l 

MS'g 

Mg'g 

Mg'g 

Mg'g 

MS'g 

f t /a 

f i l l 

f t / i 

f t / t 
f t / i 
Mg'g 

Proportion ofDetects 

Al l Samplei" 

Proportion o f Detecu 

Temporal A Spalial 

Sampl i^ 

, 

Frequency 

ofDetectio.J' 

100% 

20% 

100% 

80% 

100% 

60% 

40% 

60% 

100% 

100% 

100% 

100% 

100% 

100% 

40% 

17% 

20% 

100% 

NonDctecu 

M h C R L ' 

--
- .13 

--
0.25 

--
24 

2.5 

3.4 

--
- • 

--
--
• -
--
JO 

0.054 

0.0025 

MaxCRL* 

.. 
13 

--
0.25 

--
55 

2.5 

3.4 

--
--

--
--
--
41 

0.31 

0.0025 

--

Delects 

Mmimum 

7.300 

41 

41 

0.41 

238 

16 

4.0 

5.1 

8.400 

16 

252 

350 

262 

20 

17 

0.069 

0.0O45 

22J00 

Maxbnum 

11.000 

41 

109 

0.55 

822 

81 

6.9 

6.8 

66,000 

24 

364 

2,000 

386 

98 

32 

0.069 

0.0045 

30.500 

Arithmetic 

Mean' 

9.580 

13 

75 

0.41 

541 

32 

2.9 

4.4 

27,280 

20 

296 

1.150 

325 

45 

20 

0.055 

0.0019 

26.660 

Sundan] 

DevUtion' 

1.375 

15 

30 

0.17 

242 

28 

2.5 

2.6 

23,106 

3.0 

43 

673 

55 

33 

6.8 

0.052 

0.0015 

3.474 

Dbtribution 

Nonnal 

Lognomul 

Nonnal 

Nomtal 

Nonnal 

Lognoimal 

Normal 

Normal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nomul 

Nonnal 

Lognonnai 

Lognonnai 

Nonnal 

95% I T L of 

Ari lK Meaii* 

10,891 

74 

104 

0.57 

772 

129 

5.3 

6.8 

49,309 

23 

337 

1.791 

378 

76 . 

27 

0.16 

0.0048 

29,972 

Exposure 

Poinl 

Conccnintion 

10.891 

41 

104 

0.55 

772 

81 

5.3 

6.8 

49.309 

23 

337 
- 1,791 

378 

76 

27 

. 0.069 

0.0045 

29,972 

« 

« 

» 

» 

» 
» 

2 x B K 

Mean' 

20,277 

15 

124 

0.82 

4,960 

54 

14 

13 

37.560 

34 

1,189 

1.730 

680 

76 

36 

-. 
--

Baclcgiound 

Comparison 

Ibk) 

(CEBIANOVA) 

(Ml 
Ibkj 

It*) 
(CEBIANOVA) 

(bk) 

(bk) 

(CEBIANOVA) 

(bk) 

(bk) 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

(bk) 

(CEB) 

(CEB) 

(CEB) 

* For the Tioport ion of Detects - AD S impks" cohmin, counts were based on the unavenged dala set. 

^ For the Tropoit ion o f Detects - Temporal and Spalial Samples" and the Trequency o f Detection" columns, counts were based on the averaged dala set (eg., groundwater samples from the same well were averaged). 

*CRL- conttmct reporting l imil. 

' Nondetects were trealed ea one-half the deteciion limit in the calcubtion o f the sile and badcground (BK) arilhmetic meam. ctandard deviation, and 9S% upper confklence limit (UCL). 

* DstribulioRS for the calcutaiion ofexposure pomt conoentratiotis (EPCs): I ) I f fewer than 4 samples are available in the site dau set. "Undetemiined" is indicaled and the 95%UCt b calculated based on a lognonnai distribution. 2) I f the nonnat 

goodness-of-fil tesl ooefTiclem is greater than the critical vahx. lhe dbtribtttlon b nomuL 3) I f Ihe lognoimal goodness-of-fii test coefficient is pealer than the criiical vahie. the distribulion b lognormal. 4) Ifneilher ofthe goodness-of-fil 

tesl coefBcients B peater than the critical vahie, the dbtribulion b assumed lo be bgnomiaL . . ~ 

'The EPC b the 93% UCL of ihe arithmetic mean wilh 2 exceptions: If lhe 95% UCL exceeds the maxnnum detected value (denoted by a "tf" next lo the EPC) or the site data cel contains fewer than 4 samples, Ihe maxnnum detected vahje b subslimted as the EPC. 

' C E B (chemical exceedmg background) - the maximum detected result b greatCT Ihan or equal to two times the background mean; bk (backgound) - lhe maxbnum detected result b kss than two times the background mean; ANOVA - analysb o f variance 

determines Ihat the l i te and background data sets come from lhe u m e populaiioa 

- • Not applicable (note: backgroind comparison not conducted for organic compounds) 
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Table 4-48. Summary Statlatlci and Exposure Point Concentrations for Soil (l-IO rt BLS) at Sludy Area 18 - Blending Tower Area 

Alabama Army Ammunition Plant, Childersburg, Alabama 

RunTime; 6:00:12 PM 

Run Date: 3/29/99 

Exposuie Unil: 18_SSI 

ParametCT Unhs 

Proponion o f Detecu 

AU Samples' 

Proportnn of Detectt 

Temporal A Spatial 

Samples^ 

Frequency NonDctecu Dctccu 

ofDeteclion' M inCRL ' MaxCRL' Minbnum Maximum 

Arilhmetic 

Mean' 

Sundanl 

Deviation' Dislrihution' 

95% UCL of 

Arith. Mean' 

Exposure 

Point 

Concentration' 

2 x B K 

Mean' 

Background 

Ahiminum 

Oarium 

Bcryrnim 

Calcium 

Chnxnium 

Coball 

Copper 

Iron 

Lead 

Maffieaium 

Manganese 

Potassum 

Vanadium . . 

Zinc 

Acetone 

Tohiene 

T o u l Organic Carbon 

f t / 1 

f t / l 

Mg'g 

Mg'g 

pg/g 

f t l l 

PS'g 

Mg'g 

Mg'g 

f i l l 

f i l l 

Mg'g 

pg/S 

Mg'g 

f l i t 

f t l l 

f t l l 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

50% 

100% 

100% 

100% 

100% 

100% 

50% 

50% 

100% 

--
.. 
.-
.. 
.. 
.. 
.. 
.. 

10.0 

.. 

.. 

.. 
-. 

0.045 

O0025 

--

.. 

.. 

.. 

.. 

.. 

.. 
10.0 

.. 

--
.. 
.. 

0.045 

0.0025 

.-

16.000 

16 

0.53 

347 

31 

6.6 

7.4 

21,000 

16 

479 

690 

426 

45 

30 

4.0 

0.038 

4,490 

24,000 

96 

055 

395 

70 

7.4 

8.2 

21,000 

16 

813 

1.600 

560 

47 

35 

4.0 

0.038 

6,820 

Undetermined 

Undeteimined 

Undetermined 

Undeteimined 

Undetermined 

Undeteimined 

UndetennUied 

Undetcimined 

Undetermined 

Undeteimined 

Undeteimined 

Undeteimined 

Undeteimined 

Undetcimined 

Undetcimined 

Undeteimined 

Undeleimined 

24.000 

96 

0.55 

395 

70 

7.4 

8.2 

21,000 

16 

813 

1.600 

560 

47 

35 

4.0 

0.03R 

6.820 

27,733 

64 

0.80 

2,475 

46 

7.0 

26 

52.000 

14 

1,399 

682 

1.324 

96 

71 

(bk) 

(CEB) 

(bk) 

(bk) 

(CEB) 

(CEB) 

(bk) 

(bk) 

(CEB) 

(bk) 

(CEB) 

(bk) 

Ibk) 

(bk) 

(CEB) 

(CEB) 

(CEB) 

* For thc "Propoition of DctecU - AD Samples" cohunn, counu were based on the unaveraged dau set 

' For the "Proponkm of Detecu - TemponI and Spatial Samples" and lhe "Frequency of Detectkin" cohnnns, counu were based on lhe averaged dau set (e.g, groundwater samples from the same weO weie aveiagcd). 

'CRL - contract repotting l imi t 

' Nondetects w e n tieated as one^ulf Ihe detectkm limit in the calculation o f the site and backgound (BK) arithmelic ineans. standard deviation, and 95% upper confidence l imil (UCL). . 

' Distributions for the calculation ofexposure point concentratkms (EPCs): 1) Iffewer Ihan 4 samples are available in the site dau set. l lndetermined" is indicated and the 95%UCL is calculated based on a lognormal dislribution 2) I f lhe normal 

goodness-of-nt USI coefficient if greater than the critical vahie. ttie dislribution is nonnal. 3) t f t t ie lognonnai goodness-of-fil test coefficieni is gieater ttun the critical vahie, the distribulion is kignomul. 4) I f ncittier o f the goodness-of-fit 

test coeRidentt b greater than ttw critical vahie, the dbtribution b assumed lo be lognonnai. 

' The EPC E the 95% UCL of die aridunetic mean wiUi 2 exceptions: i f ttie 95% UCL exceeds ttc maximum detected vahie (denoted by a "IT next to ttie EPC) or the site dau set contains fewer ttun 4 samples, ttie maximum detected vahie b substituted as the EPC. 

' C E B (chemical exceeding background) - ttie maximum detected resutt is peater than or equal to two tones ttc background mean; bk (background) - the maximum detected result b less tlon two times the bKkground mean; ANOVA - analysb o f variance 

detennines that ttie silc and background dau SCU come fiom the same populalkm. 

- • Not apphcable (note: backgound comparison not conducted for oiganic compounds) 
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Table 4-49. Summary Statiitics and Expoiure Point Concentrations for Soil (>10 ft BLS) at Sludy Area 18 - Blending Tower Area 
Alabama Army Ammunition Piant, Childersburg, Alabama 

RunTime: 6M):12PM 

Run Date: 3/29/99 

Exposuie Unil: 1R_SSI 

Parameter UniU 

Proponion o f Detects 

AQ Sampled 

Proponkm ofDetects 

Temporal a Spaliai 

Samples^ 

Frequency Noid)ctects Detects 

ofOetecann' M inCRL ' MaxCRL' Minimum Maxhnum 

Anihmelic 

Mean' 

Sundan) 

Deviation' Dbtribulion* 

95% UCL o f 

Ar i th Mean' 

Exposure 

Point 

Concenmtion' • 

2 x B K 

Mean' 

Background 

Comparboi:^ 

Ahiminum 

Aisenic 

Barium 

Beiyllium 

Cakium 

Ctvomium 

Copper 

Iron 

Lead 

Magneshim 

Manganese 

Mercuiy 

Ncfcel 

Poiassium 

Vanadhnn 

Zinc 

Ac«lone 

Mg'g 

Mg'g 

pg/g 

Mg'g 

fill 
flit 
fill 
fill 
MB'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

MS'g 

Mg'g 

Mg'g 

Mg'g 

2 / 2 

1 / 2 

2 / 2 
I / 2 
1 / 2 

/ 2 

/ 2 

/ 2 

/ 5 

/ 2 

/ 2 

/ 2 

/ 2 

/ 2 

/ 2 

/ 2 

I / 2 

100% 

50% 

100% 

50% 

50% 

100% 

100% 

100% 

80% 

100% 

100% 

50% 

50% 

100% 

100% 

100% 

50% 

0.25 

109 

10.0 

0.087 

7.5 

0.25 

109 

0.087 

7.5 

7,900 

21 

12 

0.44 

191 

19 

12 

15,000 

8.8 

234 

27 

0.26 

13 

290 

37 

23 

014 

9,700 

21 

21 

0.44 

191 

23 

144 

31.000 

30 

265 

201 

0.26 

13 

566 

49 

77 

0.14 

Undeteimined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Normal 

Undeteimined 

Undetermined 

Undeteimined 

Undetermined 

Undetcimined 

Undetermined 

Undetermined 

Undelermined 

9,700 

21 

21 

0.44 

191 

25 

144 

31,000 

27 

265 

201 

0.26 

13 

366 

49 

77 

0.14 

27,567 

52 

41 

0.89 

257 

51 

36 

57,000 

32 

867 

1,331 

0.36 

46 

1.206 

92 

104 

(bk) 

(bk) 

(bk) 

(bk) 

(bk) 

(bkl 

(CEB) 

(bk) 

(bk) 

(bk) 

(bk) 

(bk) 

(bk) 

Ibk) 

(bkl 

(bk) 

(CEB) 

* For Ihe "Proporiion of DetecU - A9 Samples* column, counts were based on ttie unaveraged dau set 

' For ttie "Proponkm of Detecu - Tempoial and Spalial Samples'and die Trequency of Detectkm" columns, couru were based on die averaged dau SM (e.g, groundwater samples fiom ttie same weD were avcng^^^ 

'CRL - contract reponing limit. 

' Nondetecu were trealcd as oie-half the detection limit in ttie calculalinn of die sile and background (BK) arittunetic means, standard deviation, and 95% uppa confidence limil (UCL). 

' Dbtributions Ibr ttie cafculainn of expoaure point concentrations (EPCs): 1) Iffewer ihan 4 samples are avaiUble in ttie site dau set, TJndetennincd" is indiated and ttie 95%UCL b calculaled basod on a lognonnai dblributun. 2) Ifttie nonnal 

goodness-of-fit test coefficient b grealer ttun ttc criiical value. Uie dbtribution b nonnaL 3) If ttie kignomul goodness-of fit ust coefflcient b peater ttian ttie criiical value, the dbtribution b kipionnal. 4) If ncittier of ttie goodness-of-fil 

lest ooefficienu b peater than the criiical value, ttie dbtribution b assumed to be bpiocmal. 

'The EPC b the 95% UCL of die arittunetic mean witti 2 exceplnns: ifthe 95% UCLexcccds the maxnnum deteaed value (denoted by a ' « ' next to die EPC) or the site dau set conuins lewcr llun 4 samples, I k maxmium detected vahie b subsDuted as the EPC.. 

'CEB (chemical exceeding background) - ttie maximum detected resull b peater than or equal to Iwo timei ttie background mean; bt (backpound) - ttie maximum detected resull b less ttun Iwo limes ttie background mean; ANOVA - analysb of variance 

determines ttut the site and background dau seu come fiom ttie same population. 

- - Not applicable (note: backpound comparison not conducted for oiganic compounds) . . . 
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Results of Field Investigations 
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Results of Field Investigations 

Explosives—The explosives screening results indicate that explosives contamination ofthe 
surface and subsurface soils is minimal; concentrations ranged from <2.5 to 32 ng/g. Six 
confirmatory samples were collected from the surface and analyzed for explosives, and only one 
(SS-18-0010) contained 2,4-DNT at a low concentration (0.069 ^g/g) (see Sheet 4-5). Explosives 
were not detected in any subsurface soil samples. 

VOCs—Two VOCs were detected in 
Study Area 18 soils and are listed in the adjacent 
box. Acetone was detected in samples from soil 
boring SB-18-038, at a concentration of 4 jig/g in 
the 1-foot BLS interval and 0.14 ng/g in the 
25-foot BLS interval. Results of acetone analyses for samples collected before June 19, 1995 
(as were samples from boring SB-18-038) are believed to be suspect as a result offield laboratory 
activities. (Section 4.2 provides additional explanation.) Toluene was detected in one surface soil 
sample (SS-18-0000) and one shallow subsurface soil sample (SB-18-037, 1 foot BLS). Toluene 
was not detected in the 25-foot BLS sample at location SB-18-037. 

Maximum Concentrations I 

Analvte (ug/a) 
Acetone 
Toluene 

0-«1ft 

0.0045 

l-IOft 
>4 

0.038 

>10ft 
>0.14 

SVOCs—SWOCs were not detected in soils at Study Area 18. 

Summary—Metals, one explosive, and two VOCs were detected above background 
concentrations in soils sampled within Study Area 18. Nine metals exceeded background m the 
Study Area 18 soils. There was no consistent trend with respect to metals distributions in the soils. 
The results of the explosives field screening data for Study Area 18 showed concentrations of 
explosives less than 33 jig/kg in three ofthe surface soil screening samples. 2,4-DNT was detected 
in only one confinnatory soil sample at a concentration near the CRL. No subsurface soil 
explosives contamination was detected. Two VOCs (acetone and toluene) were detected in the 
Study Area 18 soils. Each ofthese compounds was detected in only two samples. The presence of 
acetone may be related to field laboratory activities. 

4.5.13 Study Area 19 - Lead Facility 

Study Area 19 is a 350- by 550-foot area used during the production years for poiuing lead 
ingots (DA 1978). At the time ofthe environmental survey, niraierous large pieces of lead, some 
weighing several pounds, remained on the soil surface in this area and had been discarded outside 
the Flashing Ground fence. Sparse vegetation was observed at the time, possibly as a result of soil 
contamination. High levels of lead were detected in soil samples collected during previous 
investigations. 

Nineteen soil sampling locations were established at Study Area 19 during Phase 1 ofthe 
Supplemental RI. A surface soil sample was collected from one soil sampling location 
(SS-19-5050) and screened for explosives in the field laboratory (Sheet 4-5). Surface soil samples 
from 15 sampling locations were screened for lead on a quick-turnaround basis in an offsite 
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Results of Field Investigations 

J J 

J J 

laboratory. Surface soil samples from two locations also were submitted for laboratory confinnatory 
analysis of metals, hexavalent chromium, explosives, SVOCs, and VOCs. Two soil borings were 
drilled, and 11 subsurface samples were collected and screened for explosives in a field laboratory. 
Seven subsurface soil confinnatory samples were collected and analyzed for metals, hexavalent 
chromium, explosives, SVOCs, and VOCs. During Phase 2, two additional surface soil samples 
were collected from SS-16-6090 and analyzed for aluminum and lead. 

Explosives and lead contaminated soils at Study Area 19 detected during the Supplemental 
RI (SAIC 1996a) were included for remediation in a 1996 IROD (Weston 1996b, 1996c). In 1996, 
Roy F. Weston conducted a sampling program to identify locations and quantify the extent of 
explosives and lead contamination. Screening and confinnatory samples were collected at five 
locations within Study Area 19 and the adjacent Study Area 16. Study Area 19 soil in the general 
area of Buming Pit 4 was identified for remediation. 2,4-DNT concentrations detected at 
Study Area 19 were less than i ppm; however, the maxunum lead concentration detected was 
566 ppm (Weston 1996b, 1996c). Because the Study Area 19 soils were contaminated with lead 
only, they were not incinerated, but left in place for future remediation. 

Subsequent to Roy F. Weston's investigation, ECC conducted remediation for lead-
contaminated soils at Study Area 19. Figure 4-30 shows the area excavated by ECC. All lead-
contaminated soils with concentrations in excess of 300 ppm were excavated and stabilized using 
an onsite pugmill (ECC 1998). Excavation confinnatory samples were collected after completion 
of excavation activities. A total of 1,500 cubic yards of lead-contaminated soil from Study Areas 
16 and 19 were excavated and stabilized. 

Appendix K presents the Supplemental RI data summary tables for Study Area 19. The 
remediation data collected by ECC are presented in Appendix L. For the purposes of statistical 
analysis, Supplemental RI data from locations that subsequently were remediated were removed 
from the data set. The post-excavation confirmatory data were included in the statistical analysis. 
Summary statistics for the soils remaining at Study Area 19 are shown in Tables 4-50 through 4-52. 
Figure 4-31 shows the locations where the general contaminant group CEBs (metds, SVOCs, 
VOCs, and explosives) were detected in Supplemental Rl samples in Study Area 19 soils remaining 
after remediation. Sheets 4-5 and 4-6 depict screening results for surface and subsurface samples 
collected from Study Area 19. 

J J 

Metals—Five metals were detected in 
Study Area 19 surface soils at concentrations 
exceeding background. The metals and their 
maximum concentrations are listed in the adjacent 
box. Lead concentrations in soils ranged from 
nondetect (less than 10 ^g/g) to 551 ng/g at 
surface soil location SS-19-5040. With the 
exception of the maximum detected 

Maximum Concentrations' 1 
Analyte (pg/g) 

Arsenic 
CadmluiD 
Chromium 

Lead 
Zinc 

o^iir 

107 
551 
40.6 

i-iwr 
50.3 
0.733 

250 

>ioir 

37.2 

* Metals also detemnine<j to exceed background based on ANOVA 
evaluation are shown in bold. 

** ANOVA evaluation was not conducted for any metals except lead 
because there are fewer than four samples in the data set. 
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Results of Field Investigations 
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Table 4-SO. Summary Statistics and Expoiure Point Concentrations for Soil (0-<l ft BLS) at Study Area 19 • Lead Facility 

Alabama Army Ammunil lon Plant, Childersburg, Alabama 

2* 
•a 
o 
3 

RimTinie:«<l2:46PM 

I 

Run Date: 3/29/99 

Exposure Unil: I 9 _ S S I 

Panmctcr 

Ahiminum 

Bir ium 

Dciy i ium 

Ctlctum 

Chomiuni 

Cobah 

Coppcr 

Iron 

L o d 

Mapiesium 

Poussum 

Sodium 

Vt iu i l i i im 

Zinc 

Melhylene Chloride 

Toluene 

Tott I O lS ink C«i1>on 

UniB 

Mg'g 

Mg'S 

Mg'g 

Mtf t 

MB'g 

Mg'g 

Mg'g 

Mg^g 

pCg 

Mg'g 

Mg'g 

MB'g 

Mg'g 

Mg/g 

Mg'g 

M f g 

MB'g 

MS/g 

Propofl ion o f Detects 

A B S a m p k i * 

75 / n 

Proportion of Dciecti 

Tentponl&Spi i ia l 

5801010* 

-14 1 t l 

Frequency 

o f Detection 

lOOS 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

9 1 % 

100% 

100% 

100% 

33% 

100% 

. 100% 

100% 

50% 

50% 

NonDctecu 

M inCRL ' 

.. 

.. 

-. 
-• 
--
3.8 

-. 
.. 
--
50 

--

.-
0.0025 

IOOO 

M u C R L * 

.. 

.. 
-• 
--

-• 
10.0 

.-

.. 

50 

-• 
--
--

0.0025 

IOOO 

Delecis 

M in tmun i 

10.000 

32 

0.32 

137 

21 

3.2 

5.0 

13.000 

4.S 

389 

165 

219 

78 

24 

25 

0.0040 

0.0025 

19.900 

Max imun i 

17,000 

48 

0.43 

511 

107 

5.3 

8.8 

27.000 

551 

723 

550 

582 

78 

57 

41 

0.0046 

0.0025 

19,900 

Arithmetic 

Mean ' 

.. 
--
• • 
-• 

Slandanl 

Deviation' 

Exposure 

95% UCL of Point 

Undeiennined 

Undeiennined 

llndetemiincd 

Undctcimmcd 

Lopiormal n 

Undetermined 

Undeteimined 

Undeteimined 

Undetenntned 

Undetermined 

Undetcimined 

Undetermined 

17.000 

48 

0.43 

511 

107 

5.3 

8.8 

27,000 

62 

723 

550 

582 

78 

57 

41 

0.0046 

O.0025 

19.900 

2 x B K 

Mean' 

20.277 

124 

0.82 

4,960 

54 

14 

13 

37,560 

34 

1,189 

1.730 

680 

501 

76 

36 

Background 

Comparisof^ 

Ibkl 

Ibk l 

(bk) 

Ibk] 

ICEBl 

Ibkl 

Ibkl 
Ibkl 

(CEBIANOVAI 

Ibkl 

Ibkl 

(bkl 

(bkl 

Ibkl 

(CEBl 

ICEBl 

(CEBl 

ICEBl 

* For the "Proportion of Detects • AD Sunples" column, counts were based on Ihe univcnfed dat i set 

For lhe Tropoi i ion o f Detects - Tempioral and Spalit] Samples" and the "Frequency of Detection" cohimns, coutris were based on the avenged dau set (eg., groundwater samples fhim the tame weO were averaged). 

'CRL - oontnct repotting limit. 

Nondetects were treated as one-halfthe detection limit in the calcuUtion ofthe site md background (BK) arithmetic means, standard deviation, and 95% upper confidence limit (UCL). 

' Distributions fiir the calculation ofexposure point concentrations (EPCi): I ) I f fewer than 4 samples are available in the site dau set, "Undetcnnined" b faidicaicd and the 95%UCL is calculated based on a lognornial distn'buiioa 2) I f ihe nonnal 

goodncss-of-fit test coeffictenl is peater than die critical value, the disirftiution b nornial. 3) I f Ihe lognonna] goodness-of-lil test coeflFicient b greater than ihe critical vahic. lhe disfiribuiion a lognonnai. 4) I f neilhcr of lhe goodness-of-fil 

tesl coefflcients b (Tcater than the critical value, the dbtribulion b assumed lo be bgnonnal. 

The EPC B the 95% UCL of the arilhmetic mean wilh 2 exceptions: i f lhe 95% UCL exceeds lhe maximum detected vahw (denoted by a "(T next to the EPC) or the site data set contains fewer than 4 sampts, the maximum delected vahic is subsliluled as the EPC. 

*CEB (chemical exceeding background) • (he maximum detected result b grealer than or equal lo two limes the backpound mean; bk (background) - the maximum detected result b less than two limes the background mean; ANOVA - analysb of variance 

determines that the site and background data stis come ftom the same population 

- - Not applicable (note: background comparison not conducted for ofganic compounds) 
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Table 4-51. Summary Statistics and Exposure Point Concentrations for Soil (1-10 ft BLS) at Study Area 19 - Lead Facility 

Alabama Army Ammunition Plant, Childersburg, Alabama 

RunTime'. 6.02:46 PM 

Run Date: 3/29/99 

R ipmu feUh l i : | 9 SSI 

Painneler 

Ahiminum 

Aner ic 

Barium 

Beiyllium 

Cadmium 

Cafcium 

Chinmium 

Coball 

Copper 

Iron 

Lead 

Mapwsium 

Manganese 

Potauium 

Vanadiuin 

Zinc 

Aceionc 

Tohwie 

Total Oiganic Cartion 

UniB 

Mg'g 

MB'g 

f t / l 

f t / l 

f t / l 
MB'g 

Mg'g 

MS'g 

Mg'g 

MB'g 

f t l l 

f i l l 

f t / l 
MB'g 

f t / i 

f i l l 
f t / . 

Me/g 

Mg'g 

Proponion of Detecta 

AD Samples' 

2 / 2 

1 / 2 

2 / 2 

1 / 2 

1 / 2 

2 / 2 

1 / 2 

1 / 2 

1 / 2 

2 / 2 

40 / 42 

2 / 2 

2 / 2 

1 / 2 

2 / 2 

2 / 2 

1 / 2 

2 / 2 

2 / 2 

Proportion of Detecti 

TemponI A Spalial 

Samples^ 

2 / 2 

1 / 2 

2 / 2 

1 / 1 

1 / 2 

2 / 2 

1 / 2 

1 / 2 

1 / 2 

2 / 2 

38 / 40 

2 / 2 

2 / 2 

1 / 2 

2 / 2 

2 / 2 

1 / 2 

2 / 2 

2 / 2 

Fiwiuency 

o f Detection' 

100% 

50% 

100% 

50% 

50% 

100% 

50% 

50% 

50% 

100% 

95% 

100% 

100% 

50% 

100% 

100% 

50% 

100% 

100% 

NonDetects 

M b CRL' 

--
13 

.. 
0.25 

0.43 

-. 
70 

2.5 

3.4 

-. 
10.0 

-. 
142 

.. 

.. 
0.045 

.. 

MaxCRL' 

13 

.. 
0.25 

0.43 

70 

2.5 

3.4 

.. 
10.0 

-. 
-. 
142 

--
.. 

0.045 

.. 

Detects 

Minimum 

10.000 

50 

21 

0.31 

0.73 

132 

40 

5.4 

8.2 

16,000 

5.0 

320 

119 

178 

32 

17 

O20 

0.0088 

1.430 

Maiumum 

24,000 

50 

29 

0.38 

073 

254 

40 

5.4 

8.2 

49.000 

250 

401 

142 

178 

94 

31 

O20 

0.027 

3.890 

Arithmetic 

MeaW* 

Slandard 

Deviatian' Dislribution' 

UndetcTmlncd 

Undetermined 

Undeteimined 

Undetermined 

Undeiennined 

29 Lognonnai 

Undeiennined 

(Jnoetennuieo 

Undeteimined 

Undetermined 

Undetermined 

Undetcnnined 

Undetcnnined 

95% UCL o f 

Arilh. Mc«>' 

--
-. 
.. 

.-
--
.. 
.. 
--
--
« 

.-

.. 

.-
--

Exposure 

Point 

Coocennation' 

24,000 

50 

29 

038 

073 

254 

40 

5.4 

8.2 

49,000 

33 

401 

142 

178 

94 

31 

020 

0.027 

3,890 

P 

P 

2 x B K 

Mean' 

27,733 

42 

64 

0.80 

.. 
2,475 

46 

7.0 

26 

52,000 

14 

1,399 

682 

U 2 4 

96 

71 

-. 
--

Background 

Comoansoir 

(bkl 

(CEBl 

(bkl 

(bk) 

(CEBl 

(bkl 

[bkl 

(bkl 

(bkl 

(bkl 

(CEBl 

(bkl 

(bkl 

(bkl 

(bkl 

Ibkl 
(CEBl 

ICEB] 

(CEBl 

* For the "Proporinn ofDetects - AB Samples" cohmm, counts were based on the unaveraged data seL 

^ For the Tropor tbn o f DMects - TemponI and Spalial Samples" and (he "Frequency o f Deteciion" co lumn, courds were based on Ihe avenged ^ ^ 

' C R L - contnci reporting limit. 

* Nondetects wtre treated aa one-halfthe detection limit tn (he calculation o f (he l i te and backpound (BK) arithnwtic means, standard deviation, and 95% upper confidence limit (UCL). 

* Dbtnliulions for (he calculation ofexposure point conccntralions (EPCs): I ) Iffewer than 4 samples are available in the site data set, "Unddennined" b indicated and the 95%UCL b caknilalcd basod on a bgnonnal dbtribulion. 2) Ifthe normal 

goodnessKif-fii test coefficieni b greater than the criiical vatue, the distnliuiion b normaL 3) I f lhe kignonnal goodness*o^fii tesl coeffldem b greater than Ihe critical value, the dbtributkin b lognonnai. 4) Ifneither o f the goodness-of-Ht 

test ooeffictents b peaxer than the critical value, lhe dbtribulion b assumed to be bgnormaL 

' The EPC b ih( 95% I X : L o f the arithmetic mean with 2 exccptkms: i f Ihe 95% UCL exceeds the maxtmum detected vahie (denoted by a " ^ 

' C E B (chemical exceeding background) • (he maximum detected resull b greater than or equal to two tbnes the background mean; bk (background) • the maximum detected resull b less than two times the background mean; ANOVA • analysb o f variance 

determines thai lhe site and background data sets come fiom lhe t tme poputaiioa 

* - Not applicable (note: background comparison not conducted for organk compounds) 
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Table 4-S2. Summary Statistics and Exposure Point Concentrations for Soil (>I0 ft BLS) at Study Area 19 • Lead Facility 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Ti n 
o 

Run Tone: 6:02:47 PM 

Run Dale: 3/29/99 

E«posuieUral : l9_SSI 

Parameter Units 

Proportion o f Detects 

An Sampks' 

Proportion ofDetects 

TemponI ft Spalial 

Sampled 

Frequency NonDetects Detecu 

o f Detection' M inCRL ' MaxCRL' Minimum Maiimum 

Arilhmetic 

Mean' 

Sundanl 

Deviatnn' 

95% UCL o f 

Arilh. Mean' 

Exposure 

Poim 

Concennalion' 

2 x B K 

Mean' 

Background 

Comparisoi^ 

Aluminum 

Atserdc 

. Buiuni 

Beiyllium 

Chromnmi 

Cobat 

Ctippcr 

Iron 

Lcad 

Manganese 

Mercury 

Nickd 

Potassium 

Vanadium 

Zinc 

Toluene 

f t l l 
Mg'g 

M8/g 

MB/g 

|ig/g 

' Mg/g 

MB'g 

MB'g 

Mg'g 

Mg/g 

Mg'g 

M8/g 

MS'g 

Mg/g 

MB'g 

Mg/g 

100% 

100% 

100% 

50% 

100% 

100% 

100% 

100% 

50% 

100% 

50% 

100% 

100% 

100% 

50% 

50% 

.. 

.. 

.. 
025 

.. 

.. 

.. 
10.0 

.. 
O087 

43 

0.0025 

--
.. 

025 

.. 

.. 

.. 
-. 
10.0 

.. 
0.087 

.-
--
43 

0.0025 

5.600 

28 

6.1 

0.57 

18 

5.3 

IS 

25.000 

14 

62 

on 
10 

193 

36 

59 

0.0023 

6.200 

29 

6.6 

057 

21 

6.6 

23 

34,000 

37 

IIO 

OII 

16 

326 

48 

59 

0.0023 

Undetcnnined 

lAidetennincd 

Undetcnnined 

Lhidetermined 

Undetermined 

Undctcrniined 

Undetermmed 

Noimal 

Undetermined 

Undelermined 

Undetermined 

Undeteimbied 

Undetermined 

Undeteimined 

Undetermined 

6.200 

29 

66 

057 

21 

6.6 

23 

34,000 

25 

IIO 

OII 

16 

326 

48 

59 

b.0023 

27,567 

52 

41 

089 

53 

58 

56 

57,000 

32 

1.331 

0.36 

46 

1,206 

92 

104 

(bkl 

(bkl 

(bkl 

(bkl 

Ibkl 

Ibkl 

(bkl 

Ibkl 

(CEBIANOVAI 

Ibkl 

Ibkl 

(bkl 

(bkl 

(bk| 

Ibkl 

(CEBl 

' Por Ihe Troporthm of Detecta- Al Samplei* cohmm, counts were based on lhe unavtiaged datt set 

* For dtt "Proportion of Detects - Temporal and Spatial Sampki" and die Trequency of Detection" columiB, counts wen based on the averaged dau set (e.g. groundwater samples lrom lhe 

*CRL - contiact reponing limit 

' Nondetects were mated as one-halflhc detection limit tn Ihe calculation of Ihe site and background <BK) arithmetic means, standaid deviation, and 95% upper conHdence limil (UCL). 

' Distributions for Ihe calculation ofexposure point conceiililtions (EPCs): 1) If fewa ihan 4 samplea are available in die site dau set Tlndctcrmined" is indicated and the 95%UCL is calculaled based on a lognonnai dislribulion. 2) Iflhe nonnat 

goodness-otfil lest coefncicnt is peaier than dc critical vatue, die dbtrSnition is normaL 3) ifthe kignonnal goodness-of fit test cocfUciem is peater ihan Ihe criiical value. Ihe distribulion is kignonnal. 4) Ifneither ofthe goodncss-of-fit 

tesl coefficients is gieater than Ihe critical vahie, Ihe dislribution is assumed to be fagnofmal. 

'The EPC b the 95% UCL ofthe arithmetic mean with 2 exccpttoRs; iflhe 95% UCLcxoeeds the maximum detected vahie (denoted by a "ff" next to dw EPC) or the site dau set conuins lewcr dian 4 samples, the maximum detected vahie is substimied as the EPC. 

' CEB (chemtcai exceeding background) • the maximum detected result is greater than or equal to two times the backpound mean; bk (background) - the maximum detected result is k u than two times lhe background mean; ANOVA - analysis of variance 

detennines Ihat die site and backpound dau sets come ftom dK same popuUlkin. 

- - Not applicabk (note: backpound compaiison not conducted for organic compounds) 
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Results of Field Investigations 
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Results of Field Investigations 

concentration, aJl lead concentrations were less than 300fig/g. In gieneral, lead concentrations 
V, J decreased with increasing sample depth. 

Explostyes—A surface soil sample was collected from one location (SS-19-5050) in the 
extreme southem comer of the study area and was screened for TNT in the field laboratory during 
Phase 1 (Sheet 4-5). TNT was not detected in the sample. In addition, 11 subsurface samples were 
collected from 2 soil borings drilled in the center of Study Area 19 and were screened for 
explosives. Explosives were detected at concentrations less than 5 ^g/g in screening samples 
collected at depths of 15, 20, and 25 feet BLS from one ofthe borings (SB-19-040). Explosives 
were not detected in any ofthe laboratory confirmatory samples. 

VOCs—Three VOCs were detected in 
soils at Study Area 19. The VOCs and their 
maximum concentrations are listed in the adjacent 
box. Toluene was detected in one surface, two 
shallow subsurface, and one deep soil sample at 
concentrations near or below the CRL. Acetone was detected in one shallow subsurface soil 
sample (SB-19-040; 1-foot BLS). Methylene chloride was detected in two suiface soil samples at 
concentrations below the CRL. 

J J 

J J 

Maximum Concentrations I 

Analyte (un/Q) 
Acetone 
Methylene Chloride 
Toluene 

0^111 

0.0046. 
cO.0025 

MOft 
0.2 

0.027 

>10ft 

0.0023 

SVOCs—SVOCs were not detected in any ofthe Study Area 19 soil isampies. 

Summary—Metals and VOCs were detected in Study Area 19 soils. The results of the 
Phase 1 Supplemental RI indicated that lead was present in the Study Area 19 soils at 
concentrations in excess of excavation criteria. ECC excavated and stabilized lead-contaminated 
soils at Study Area 19. Sampling results from the soils remaining at Study Area 19 indicate that all 
lead concentrations, with the exception of one surface soil sample (SS-19-5040), are below ECC's 
excavation criterion of 300 ppm. 

Results of VOC analyses do not indicate significant VOC contamination in the surface and 
subsurface soils. Explosives and SVOCs were not detected in Study Area 19 laboratory samples. 

4.5.14 Study Area 20 - Rifle Powder Finishing Area 

This study area is the Rifle Powder Finishing Area. The compounds used for the 
preparation of smokeless powder (diphenylamine, dibutyl phthalate, and 2,4-DNT) also were used 
in the production of rifle powder. The amounts of these additives varied based on the powder 
specifications. Although no other information on this process is available, the area may have been 
used for glazing. In this process, the dried powder is mixed with dry graphite to produce a black 
"glaze" coating on the surface. The purpose of this operation was to impart a conductive outer 
surface to dissipate static electricity (DA 1978). Soil samples collected during previous 

Final RJ Report 4-155 August 2001 



Results of Field Investigations 

investigations conducted at Study Area 20 identified the presence of significant concentrations of 
2,4-DNT (ESE 1981). 

During Phase 1 of the Supplemental Rl, seven surface soil samples were collected and 
screened in the field for explosives. In addition, five surface soil samples were sent to the 
laboratory for coafirmatoiy analysis. Two borings were placed in Study Area 20 and two samples 
from each boring were sent to the laboratory for analysis. All confirmatory samples were analyzed 
for metals, explosives, VOCs, and SVOCs. During Phase 2, one boring was drilled for collection 
of screening soil and in situ groundwater samples. The location ofthe soil boring during Phase 2 is 
shown on Sheet 4-6. A confirmatory sample was not collected. 

Appendix K presents data summary tables for Study Area 20. Tables 4-53 through 4-55 
present summary statistics for Study Area 20 soils. Figure 4-32 shows the locations where the 
general contaminant group CEBs (metals, SVOCs, VOCs, and explosives) were detected in 
Study Area 20 soils. The lack of quadrants in a circle indicates that a soil sample was not collected 
at that interval. Sheets 4-5 and 4-6 present the screening results for surface and subsurface soils. 

Metals—Fifteen metals were detected at 
concentrations above background in Study Area 
20 soils, as shown in the adjacent box. In general, 
metals concentrations increased v^th increasing 
sample depth. Nine metals were detected at 
concentrations exceeding background in the 
surface soil horizon. Seven metals exceeded 
background concentrations in the shallow 
subsurface. The maximum concentrations of 
barium and cobalt in shallow subsurface soils 
were detected at SB-20-043, while location 
SB-20-044 contained the maximum 
concentrations of aluminum, iron, lead, and 
vanadium detected in the shallow subsurface. 
Ten metals were detected at concentrations 
exceeding background levels in the deep soil 
horizon. The maximum concentrations of iron, 
lead, and vanadium in the deep subsurface soils 

were detected at SB-20-043. Maximum concentrations of aluminum, barium, beryllium, and 
manganese were detected at SB-20-044. Lead concentrations in Study Area 20 soils varied within a 
narrow range, from nondetect in the surface soils at SS-20-1020 to a concentration of 48.6 ng/g at 
25 feet BLS at SB-20-043. 

Maximum Concentrations* 1 
Analyte (ug/g) 

Aluniinum 

Arsenic 
Barium 
Beryllium 

Caldum 
Chromium 
Cobalt 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Sodium 
Vanadium. 

(Klft 

24,000 
20.6 
141 
1.11 

9,300 
87.3 

1,530 

11.1 
92.6 

MOft** 
48.000 

63.7 

15.8 
55,000 
25.5 

75.4 

126 

>10ft-

290,000 

175 
6.14 

2,060 

73,000 
48.6 
1,450 
2,700 

79.3 
148 

* Metals also detemiined to exceed background based on ANOVA 
evaluation are shown in bdd. 

** ANOVA evaluation not conducted because there are fewer than 
four samples in the data set. 
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RunTime: 6:03:1] PM 

Run Date: 3/29/99 

Exposure Unil: 20_SSI 

PaiamclCT Units 

Proportion o f Detects 

AO Simples' 

Proportion OfDetects 

TemponI A Spitial 

Samples' 

Freiiuency NonDctects Delecis Arilhmetic 

Mean' 

Slandard 

Deviation' Dtstribulion' 

95% UCL of 

Arith. Mean' 

Exposure 

Poirt 

Conocfitntion 

2 x O K 

Mean' 

Background 

Compirisoi^ 

- J 

1 
to 
o 
o. 

Table 4-53. Summary StatisUcs and Exposure Point Concentrations for Soil (0-<l ft BLS) at Study Area 20 - Rifle Powder Finishing Area 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Aluminum 

Aisenc 

Baiium 

Beiyllium 

Calchtm 

Chramium 

Copper 

Iron 

Uad 
Magneiium 

Manganese 

Nickel 

Potassum 

Sodium I 

Vensdium 

2.4-Dinitrotolucne 

Fhiotanlhenc 

Toluene 

Total Organic Caibon 

MS'g 

MS^C 

Mg'g 

f i l l 
f t l l 
f i l l 
W'g 

f i l l 
fill 
f i l l 
MB'g" 

fill 
MS'g 

Mg'g 

fS'S 

f l / l 

MS'g 
M8/g 

MS'g 

100% 

60% 

100% 

100% 

100% 

100% 

ioor. 
100% 

80% 

100% 

100% 

40% 

100% 

20% 

100% 

100% 

20% 

60% 

100% 

0.17 

0.0023 

0.17 

0.0023 

11.000 

17 

IOO 

0.42 

911 

16 

6.J 

16,000 

2} 

402 

760 
II 
)I2 
88 

38 

0.42 

0.92 

0.0026 

13.600 

24.000 

21 

141 

l . l 

9.300 

87 

12 

37,000 

28 

1.330 

1.200 

926 

88 

74 

l . l 

0.92 

0.0079 

3 3 . ^ 

17,600 

14 

112 

072 

2,653 

40 

9.2 

27,800 

22 

787 

966 

6.6 

562 

38 

36 

0.64 

0.23 

0.0034 

28,000 

3,079 

7.2 

17 

026 

3,716 

28 

7.463 

9.5 

442 

182 

3.9 

264 

28 

14 

029 

037 

0.0028 

8,310 

Nonnal 

Nonnal 

Lognomul 

Nofmal 

Ijsgnormal 

Noimal 

Noimal 

Nonnal 

Lognomul 

Nonnal 

Normal 

Lognonnai 

Noimal 

Lognonnai 

Normal 

Noimal 

Lognonnai 

Nonnal 

Nonnal 

22.443 

21 

130 

098 

30.242 

66 

II 

34,915 

91 

1,208 

1,139 

17 

814 

92 

69 

0.91 

3.8 

O0060 

36,113 

22.443 

21 

130 

098 

9,300 

66 

11 

34,915 

28 

1.208 

1.139 

69 

0.91 

0.92 

O0060 

35,600 

20.277 

13 

124 

0.82 

4,960 

34 

13 

37.360 

34 

1,189 

1.730 

9.4 

680 

301 

76 

[CEBIANOVA] 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

(bk) 

(bk) 

(bk) 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

(CEBIANOVA) 

(bk) 

(hk) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

* For Ihe "Propoition of Detects - AD Samples" cohimn. counts were based on the unavenged data s d 

' For the "Proportion of Detects - Temporal and Spatial Sampka" and thc "Frequency ofDelcction" cohimns. couias were based on lhe averaged data sel (eg, gtoundwaier samples Ihxn Ihc same well were averaged). 

*CRL* conlnct repotting limit. 

' Nondetects were trealed as one-halfthe detection limit in the calcubtion ofthe site and bacitground (BK) arithmetic means, standaid deviation, and 93% upper confidence limil (UCL). 

* Dtstributions Ibr Ihe calcubtion ofexposure point concentntions (EPCs): i) Iffewer don 4 samples are avaibbie in the site data set, TJndeteimined" is indicated and the 95%UCL is calculated based on a lognonnai distribulion. 2) Iflhe noimal 

goodness-of-fit test coefficieni b peater than the critical value, the distribution b normal 3) Iflhe lognonnai goodness-orfit tcsl coefficient b greater ihan the criiical value, Ihe dbtribution b tognormal. 4) Ifneilher of Ihc goodness-of-fil 

test cocflicieids s greater than Ihe critical value, Ihe dbtribulion b assutncd lo be bgnonnaL 

' Tbe EPC b Ihe 93% UCL ofihe arithmetic mean wilh 2 exceptions: ifthe 95% UCLexceeds Ihe maximum detected value (denoted by a "0" next to the EPC) or the sile dala set contains fewer Ihan 4 samples. Ihe maximum detected value b substituted as the EPC. 

'CEB (chemical exceeding background) - Ihe maximum detected result b greater ihan or equal to two lime* the bacfcgiound mean; bk (background) - thc maximum detected icsull b less lion two limes lhe background mean; ANOVA - analysb of variance 

dctcmiliiea tiA the sile and background data sets come 6om the same popublioa 

* -Not applicable (note: backpound comparison not conducted for oiganic compounds) 
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•II Table 4-54. Summary Statistics and Exposure Poinl Concentrations for Soil (l-IO ft BLS) at Study Area 20 - RiHe Powder Finishing Area 
Alabama Army Ammunition Plant, Childersburg, Alabama 

2" 
•S 

tyi 
00 

RunTime: 6:03:12 PM 

Run Dale: 3/29/99 

Exposure Unil: 2 0 _ S S I 

Paiameter 

Aluminum 

A n c n c 

Baiium 

Bciyi ium 

Cakium 

Cobalt 

Coppcr 

Iron 

Lead 

MapKSium 

M a i ^ n e s e 

NickH 

Potassum 

Sodium 

Vanadium . 

Zinc 

2,4-Dtnitrotoluene 

Melhylene Chloride 

Toluene 

Total Oi janic Carbon 

Proportion o{ 

Al l Samj 

Units 

MS'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

f i l l 

f t l l 

fill 
ftll 
MB'g 

Mg'g 

Mg'g 

MS'g 

MB'g 

Mg'g 

Mg'g 

MS'g 

Mg'g 

Mg'g 

MS'g 

Detects Proportion ofDeiecls 

lies' Temporal A Spatbl Frequency 

Sampled of Detection^ 

NonDetects Detects 

Mm CRL* M a x C R L ' Minimum Maximum 

Arithmetic Standan) 9 5 % 

Mean ' Deviation' Dbtribulion* Arilh. 

UCLof 

Mean' 

100% 

50% 

100% 

100% 

100% 

50% 
100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

50% 
50% 
30% 
30% 

100% 

-. 
13 

--
2.5 

.. 
--
.. 
--
. . • 

.. 

.. 

.-

.. 
69 

O036 

O0062 

00025 

-. 

13 

2.5 

69 
0.056 

0.0062 

0.0025 

--

41,000 

24 

32 

065 
537 
16 

17 

43.000 

23 

751 
420 

13 

435 

62 
97 

52 

0.39 

0.0035 

O0022 

2.300 

48.000 

24 

64 

0.66 

1.620 

16 

18 

55.000 

26 

1.230 

570 

18 

1.200 

75 

126 

32 
039 

0.0035 

0.0022 

4,090 

Undeteimined 

Undetermined 

Undeteimined 

Undeteimined 

Undetennlned 

Undeteimined 

Undetermined 

Undcteimmcd 

UndeteimiKd 

Undeteimined 

Undeteimined 

Undetermined 

Undeteimined 

Undetermined 

Undetermined 

Undeteimined 

Undeteimined 

Undeteimined 

Undeleimined 

Undetermined 

Exposure 

Poinl 

Concenlralion' 

2 x B K 

Mean' 

48.000 

24 

64 

0.66 

1.620 

16 

18 

33,000 

26 

1,230 

570 

18 

1,200 

75 

126 

52 

039 

0.(X)55 

0.0022 

4,090 

27,733 

42 

64 

080 

2,475 

7.0 

26 

52.000 

14 

1.399 

682 

21 

1,324 

96 

71 

Background 

Comparisoi^ 

(CEB) 

(bk) 

(CEB) 

(bk) 

(bk) 

(CEB) 

(bk) 

(CEB) 

(CEB) 

(bk) 

(bk) 

Ibk) 

(bk) 

(CEB) 

(CEB) 

(bk) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

* For Ihe "Proportion of Detects - AD Samples" oohmin, counts were based on the unavenged d a u scL 

' F o r Ihc "Proportion ofDetects - Temporal and Spatbl Samples" and Ihe "Frequency ofDeteclion" columns, counts were based on the averaged dala set (e.g, groundwaier samples liom Ihe same w e t were averaged). 

*CRL - contrad reporting liinil. 

' Nondetects were irealed as one-halfthe detection limit in Ihe calcubtion of Ihe site and background (BK) arithmetic means, standanl deviation, and 9 3 % upper confidence limil (UCL). 

* DEt r ibu tms for Ihe calcubtion ofexposure pofait concoitratiORS (EPCs): I) Iffewer Ihan 4 sampks are avaibbie in Ihe site data sel. ^Jndelermined" b indkaled and Ihe 95%UCL b calculsled based on a lognormal dislribulion. 2) If Ihe noimal 

goodness-oflit lest coefficieni is p e a t e r than thc criiical vahie. die dbtribulion b nonnal. 3) If thc lognonnai goodncss-otfil lest coelficicnl a greater than Ihe criiical value, Ihe distribution b kignonnal. 4) Ifneilher of the goodness-of-fit 

test coefficienlsb g rea t a than the critical vahie, the db t r ibu tkmb assumed lo be b p u r m a l . ' ^ 

' Tbe EPC b Ihe 9 5 % UCL of Ihe arithmetic mean with 2 except ion: if Ihe 9 5 % UCL exceeds the maximum detecleld vahie (denoted by a " » ' next to the EPC) or the site d a u set cortains fewer ihan 4 samples, the maximum detected value b subsliluled as the EPC. 

' C E B (chemical exceeding badtground) - die maxtmum detected resull b pea le r ihan or equal lo two times the background mean; bk (background) • Ihe maximum detected result b k s s than two times Ihe background mean; ANOVA -ana lysbof variance 

ileiermines that the sile and background t b u e c u come fiom the same popubtion. 

* - Not applicable (note: bacitground compaiison not conducted for organic compounds) 
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Table 4-55. Summary Statistics and Exposure Point Concentrations for Soil (>10 rt BLS) at Study Area 20 - Rifle Powder Finishing Area 
Alabama Army Ammunition Plant, Childersburg, Alabama 

•a o a. 
RunTime: 6K)5:12 PM 

Run Dale: 3/29/99 Praportion o f Detects Propoition of Detects Exposure 

Exposure LAi 

Parameter 

Ahiminum 

A n o i c 

Barium 

Beryllium 

Cakium 

Cobalt 

Copper 

bon 

Lead 

Mereuiy 

Nickd 

Potassaim 

Sodnim 

Vanadhim 

Zinc 

t : 2 0 _ S S I 

; 

Methylenechloride 

Tolal Oiganic Caibon 

Units 

Mg'g 

MS'g 

f t / t 
Mg'g 

MB'g 

MB'g 

MB'g 

Mg'g 

MB'g 

MB'g 

MS'g 

Mg'g 

MS'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

MS'g 

Mg'g 

A l t s am; ks* TemponI A Spatbl 

Sampks^ 

1 / 2 

Frequency 

of Dctectnn^ 

100% 

100% 

100% 

100% 

100% 

50% 

100% 

100% 

100% 

100% 

100% 

50% 

100% 

100% 

30% 

100% 

30% 

30% 

50% 

30% 

NonDclecis 

MinCRL ' 

--

.-

2.5 

0087 

.. 
-. 
50 

42 

0036 

O0062 

IOOO 

MaxCRL' 

2.3 

0.087 

.-

50 

42 

0.036 

O0062 

IOOO 

ITelccts Arithmetic Slandanl 95% UCL o f Point 

Minimum 

19,000 

21 

26 

0.78 

781 

4.4 

23 

59.000 

23 

510 

750 

018 

15 

267 

79 

70 

80 

0.14 

00074 

1,930 

Maximum Mean' Deviation' Distribulion* Arith. Mean' Concentration' 

290,000 

24 

175 

6.1 

2,060 

4.4 

23 

73.000 

49 

1.430 

2.700 

0.18 

34 

378 

79 

148 

80 

014 

0.0074 

1,930 

Undeteimined 

Undetcnnined 

Undctetmined 

Undeteimined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetcnnined 

Undstermutsd 

Undttenninca 

Undetcnnined 

. - '.Undetemiined 

Undetermined 

290,000 

24 

173 

6.1 

2.060 

4.4 

25 

73,000 

49 

1.430 

2.700 

018 

34 

378 

79 

148 

80 

0.14 

O0074 

1.930 

2 x B K 

Mean' 

27,567 

52 

41 

0.89 

257 

58 

36 

57,000 

32 

867 

1,331 

0 3 6 

46 

1,206 

92 

104 

Backgraund 

Comparisori 

(CEB) 

(bk) 

(CEB) 

(CEB) 

(CEB) 

Ibk) 

Ibk) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(bk) 

(bk) 

(bk) 

(CEB) 

(CEB) 

(bk) 

(CEB) 

(CEB) 

(CEBl 

* For thc 'Proportion of Detects - AD Samples* column, counu were based on the unavcrif ed dala set. 

For the "Proportion o f Detects - Temporal and Spalial Samptes" and the "Frequency of Detection" oohmins, counts were based on the averaged data xet (e.g., groundwater samples from the same wcD were averaged). 

*CRL - contract rtporting limit. 

Nondetects w t n treated as one-hair the detection limil in thc calculation o f the site and background (BK) arithmeitc means, standard deviation, and 9 i % upper confidence limit (UCL). 

* Distribultons tor the calculation ofexposure point concentrations (EPCs): I ) I f fewer than 4 samples are avaiUble in the site data set, ^Undetermined" b indicaied and lhe 9S%UCL b calculated based on a lognormal dbtributioa 2) I f the normal 

goodness-of-fit test coeflicienl is greater than the criiical value, the dbtribulion b nonnaL 3) I f Ihc lognonnai goodness-oF-frt test coefftcicm b greater than lhe criiical vahie, the dbtribulion b lognormal. 4) Ifneilher of ihe goodness-of-ni 

test coefficients b pcatcr than ihe criiical vahie. the distribution a assumed to be bgnonnal. 

The EPC b the 95% UCL ofthe arithmetic mean wiih 2 exctptiom: ifthe 95% UCLexcccds the maximum detected value (denoted by a "#" nexl to the EPC) or the site data set contains fewer than 4 samples, the maximum delected value a substituted as the EPC. 

' C E B (chemical exceeding badtground) • the maximum detected resull a greater than or equal to two times lhe background mean; bk (backgroimd) • the maximum detected resub b less than two limes the background mean; ANOVA - analysb o f variance 

determines (hat the site and background data seb come from the fame populalba 

- - Nol appHcable (note: background comparbon not conducted for organic compounds) 
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Results of Field Investigations 

Maximum Concentrations i 
Analyte (MB/g) 

2,4-DNT 
(K l f t 
1.13 

l-IOft 
0.39 

>10ft 1 
0.135 1 

Explosives—Explosives were not 
V^_y detected in any. of the seven surface soil samples 

collected for field screening. Explosives (13 ppm) 
were detected in the Phase 2 boring sample that 
was screened onsite, but not at a concentration that would indicate the presence ofa significant 
contamination source. Laboratory confirmatory results indicated the presence of 2,4-DNT in all 
five surface soil samples and in both samples fi-om the boring at location SB-20-044. The highest 
concentration of 2,4-DNT (1.13 |ig/g) was detected at surface sample location SS-20-2020 along 
the northem edge of the study area (see adjacent box). Other detected concentrations were lower 
and distributed throughout the site (see Sheet 4-8). Concentrations of 2,4-DNT detected in the 
surface soils at Study Area 20 ranged from 0.42 to 1.13 \ig/g. 

2,4-DNT also was detected in two subsurface soil samples collected fi'om soil boring 
SB-20-044, drilled at the westem boundary of the study area. 2,4-DNT was detected at depths of 
1 foot and 20 feet BLS at concentrations of 0.39 and 0.135 |ag/g, respectively. Explosives were not 
detected in the subsurface soils at soil boring location SB-20-043. 

J J 

Maximum Concentrations I 

Analyte (ug/g) 
Methylene Chloiide 
Toluene 

(K1ft 

0.0079 

um 
0.0055 
0.0022 

>10ft 
0.0074 

VOCs—Two VOCs were detected in soils 
at concentrations near or below the CRL. The 
VOCs and maximum concentrations are listed in 
the adjacent box. 

SVOCs—Fluoranthene was detected at a concentration of 0.92 ng/g in surface soil sample 
SS-20-1020. No other SVOCs were detected in soils from Study Area 20. 

Summary—Fifteen metals, one explosive compound (2,4-DNT), two VOCs, and 
fluoranthene were detected in the soils at Study Area 20 at concentrations exceeding background. 
Concentrations of 2,4-DNT that ranged from 0.42 to 1.13 ng/g were detected in each ofthe surface 
soil samples collected. Relatively low concentrations of 2,4-DNT (0.135 to 0.39 |ig/g) also were 
detected in the subsurface soils. The presence of 2,4-DNT in the soils is attributed to the fonner 
use of the site as a finishing area for rifle powder. The detected VOCs and SVOC are present at 
concentrations near or below the CRL. 

4.5.15 StitdyArea 22 - Demolition LandTiU 

The Demolition Landfill, located near the Flashing Ground, consists of a semicircular 
landfill in a swale extending approximately 500 feet along Patrol Road. Rubble from demolition 
activities was dumped in a 50-foot-wide semicircle around the edge of the swale to an average 
depth of approximately 7 feet. Several hundred pounds of lead were found on the surface at this 
site in the form of sheets, wire, and pipe. Large amounts of cast iron, stainless steel fittings, 
aluminum, transite, and other rubble were partially buried by concrete and earth. Friable asbestos 

W 
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Results of Field Investigations 

also was distributed in the soil of this area. Previous soil sampling identified lead residues in 
concentrations above background in two samples and low concentrations of tetryl (ESE 1981). 

Six soil sampling locations were established at Study Area 22 during Phase 1 of the 
Supplemental RI. Surface soil samples were collected from all six sampling locations and screened 
for lead on a quick-turnaround basis at the offsite laboratory (see Sheet 4-5). Three surface soil 
samples were submitted for confirmatory analysis, which included metals, explosives, VOCs, and 
SVOCs. Soil borings were drilled at three sampling locations. Metal and heavy debris were 
encountered during subsurface drilling. Fifteen subsurface soil samples were collected from the 
three borings and were analyzed for lead on a quick-tumaround basis. Nine shallow subsurface 
samples collected from all three borings and six deep subsurface soil samples collected from two of 
the borings were submitted for confirmatory analysis. All soil samples submitted for confirmatory 
analysis were analyzed for metals, explosives, VOCs, and SVOCs. Four samples (two surface and 
two subsurface) were analyzed for hexavalent chromium. During Phase 2, two additional surface 
soil samples were collected from location SS-22-003 and analyzed at the laboratory for alumimun 
and lead. 

Appendix K presents data summary tables for Study Area 22. Tables 4-56 through 4-58 
present summary statistics for Study Area 22 soils. Figure 4-33 shows the locations where the 
general contaminant group CEBs (metals, SVOCs, VOCs, and explosives) were detected in Study 
Area 22 soils. Sheets 4-5 and 4-6 present screening results for surface and subsurface soilSj 
respectively, at Study Area 22. 

Metals—Eighteen metals were detected in 
Study Area 22 soils at concentrations exceeding 
background. The metals and their maximum 
concentrations in each soil interval where 
concentrations exceeded backgroimd are listed in 
the adjacent box. 

The maximum concentrations of barium, 
cadmium, chromium, copper, lead, mercury, 
nickel, and zinc in surface soils all were detected 
at SS-22-003. Shallow subsurface soil detections 
of cadmium, lead, and molybdenum were highest 
at SB-22-048. The maximum concentrations of 
beryllium and nickel in deep subsurface soils 
were detected at SB-22-049. 

Concentrations of barium in Study Area 
22 surface soils (1,300 ng/g) were the highest 

Maximum Concentrations* I 

Analyte (MB/fl) 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chramlum 
Cobalt 
Copper 
Iran 
Lead 
Magnesium 
Manganese 
Mercurv 
Molybdenum 
NIdtel 
Potassium 
Sodium 
Ziric 

(Kiir 

1,300 
0.959 
11.9 

11,000 
95.8 

1,020 

4.600 
10,000 

0.47 

95.8 
1,620 

4,300 

1-10ft 
44.1 
1,100 
1.21 
18.4 

20,000 
259 
11.7 

2,800 
110,000 
15.000 
2,190 
1,900 
2.1 
9.3 
259 

2,050 
588 

5,500 

>10R" 

1.47 

125 

55 

* Metals also determined to exceed, badcgraund based on ANOVA 
evaluation are shown In bold. 

** ANOVA evaluation not conducted for any metals except lead 
because there are fewer than four samples in the data set. 
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Table 4-S6. Suinmary Statlitlci and Exposure Point Coneentrationi for Soil (0-<l ft BLS) al Study Area 22 - Demolition Landfi l l 

Alabama Army Ammunition Plant, Childersburg, Alabama 

n 
O 

RuoTime:6:IS:S7PM 

OS 

Run Date: 3/29^9 

Exposure Unil: 22_SSI 

Parameter 

Ahimtnum 

Barium 

Beryllium 

Cadmium 

Calctum 

Chromium 

CotuU 

Copper 

Iron 

Lcad 

Ms^^cstum 

Manganese 

Mercury 

Nickel 

Potsssiim 

Sodmm 

Vanadium 

Zinc 

AceloiK ' 

Methylene Cliloride 

TduerK 

Total O r p n i c Cartion 

Proportion o f Detects 

All S m f k f 
UniU 

f i l l 5 / 5 

f t / t 3 / 3 

V t / I 3 / 3 

f t / t 1 / 3 

f l / l 3 / 3 

p g ^ 3 / 3 

PC's 2 / 3 

Pl/g 3 / 3 

f i / t i l i 

f t / a I I / I I 

l ie's 3 / 3 

pg'g 3 / 3 

Ml/g 1 / 3 

MS'g 2 / 3 

PS/S 3 / 3 

pg'g 1 / 3 

Mg** 3 / 3 

Mg'g 3 / 3 

Mg'g 1 / 3 

f i l l 1 / 3 

MS'g 2 / 3 

Mg'S 3 / 3 

Proportion of Detecu 

Tempoiml A Spatial 

Sampled 

Frequency 

o f Detection' 

100% 

100% 

100% 

33% 

100% 

100% 

67% 

100% 

100% 

100% 

100% 

100% 

33% 

67% 

100% 

33% 

100% 

100% 

33% 

33% 

67% 

100% 

NooOctecta 

MinCRL" 

.. 

0.43 

.. 
2.5 

0.087 

7.5 

50 

0.045 

0.0062 

0.0025 

MaxCRL' 

--

0.43 

-. 
2.5 

--

•• 
--

0.087 

7.5 

50 

--

O045 

0.0062 

0.0025 

--

Detects 

Mtnimtim 

10.500 

30 

0.33 

12 

248 

18 

7.2 

I I 

16.000 

12 

669 

137 

0.47 

8.9 

738 

428 

29 

36 

0.026 

0.0048 

0.0047 • 

19,300 

Maximum 

19,000 

1.300 

0.96 

12 

11,000 

% 
12 

1.020 

26,000 

4.600 

10.000 

1.600 

0.47 

96 

1,620 

428 

46 

4,300 

O026 

0.0048 

0.0049 

38.900 

Arillimelic 

Mean' 

1.310 

Slandard 

Deviation' 

.-

1,693 

.. 

--

Dislribiition' 

UiKietd 11 lined 

Undetemiined 

Undetermined 

I Jndctcrm tned 

Undetermined 

Undetermined 

Undetermined 

Normal 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undctcrniined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

95% UCL o f 

Arilh. Mean' 

.-
-•-
--
.. 
--
--
.. 

2.703 

• -

.. 
-. 

.. 
''.. 
--
.. 
.. 
•-

Exposuie 

Poinl 

Concentration 

19.000 

1,300 

0.96 

12 

11.000 

% 
12 

1.020 

26.000 

2,703 

10.000 

1,600 

0.47 

96 

1,620 

428 

46 

4,300 

0.026 

0.0048 

0.0049 

38,900 

2 x B K 

Mean' 

20.277 

124 

0.82 

4,960 

54 

14 

13 

37.560 

34 

1,189 

1,730 

0.036 

9.4 

680 

501 

76 

36 

.-

Comparisoi^ 

(bk) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

Ibk) 

ICEB) 

Ibk) 

ICEB) 

ICEB) 

Ibk) 

(CEB) 

(CEB) 

(CEB) 

(bk) 

Ibk) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

* For the "Proportion o f Detects - AD Sampka" column, counts were based on the unaveraged data te t 

^For the *Prttponion of Detects • Temporal and Spatial Samples" and the "Freqtiercy of Detection" columns, coatts were based on the averaged daia set ( e g , groundwater sampia ftom the same weD were averaged). 

'CRL - contract reporting l imit 

' Nondetects were treated as one-halfthe detection limit tn the calculation o f the site and background (BK) arilhmetic means, standanl deviation, and 95% upper oonfidcrtcc limit (UCL). 

* Dtstribuiions for the calcutaiion ofexposure point concentrations (EPCs): I ) Iffewer than 4 samples are aval l^le in the site data set, Tindetermincd" is indicated and the 9S%UCL is calculated based on a lognormal distribution. 2) I f Ihc nomul 

goodness-of-fit test oocfRcieiit b gieater than the critical value, thc distribution is normaL ) ) Ifthe lognormal goodness-of*fii tcsl coefflcient is pcaier than the criiical value, the distnbution is lognormal. 4) Ifneither of the goodncss-of-fil 

test coefficients is greater than the criiical vahie, the distribulion is assumed lo be bgnonnal. 

'The EPC B Ihe 95% UCL oTlhe arilhmetic mean wilh 2 excqiliora: Ifthe 95% UCL exceeds the maximum detected vahic (derated by a " iT nexl to Ihe EPC) or Ihe site dau set contains fewer Ihan 4 samples, Ihe maximum detected value is substituted as t lv EPC. 

' CEB (chemical exceeding background) • Ihe maximum detected resuh is greater ihan or equal to two ibnei the background mean; bk (background) • the maximum detected result is kss than two limes the background mean; ANOVA - analysis of variance 

detennines that the site and background data sets come from the same populaiioa 

- • Not applicabk (rate: background comparison not conducted for organic compounds) 
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Run Time: 6:15:57 PM 

Run Date: 3/29/99 

Exposuie Unit: 2 2 _ S $ I 

Paiameter 

Aiumimim 

AiseiK 

Barium 

BerylUum 

Cadmium 

Calcium 

Chromium 

Coball 

Copper 

Iron 

Lead 

Mapiesium 

Manganese 

Mercuiy 

Nickel 

Potassum 

Sodhim 

Vanadium 

Zinc 

2,4-D<ni(rololuene 

2-Methylnaphlhalcne 

Acenaphthene 

Anthracene 

Bcnzo(a)anlhracene 

Benzo(a)pyrtne 

[xnzo( b) iiuoranihenc 

Benio(B.h.l)per>lene 

Benia(k)nuonnthenc 

Chryiene 

Dibenio(a,h)anthi»cene 

Fluorene 

hideno(l,2,3-cd)pyrenc 

Methylenechloride 

Naphthalene 

Ptaianihmie 

Pytme 

Toluene 

Total Organic Caibon 

Table 4-57. Summary Statiitics and Exposure Point Concentrations for Soit (I-IO ft BLS) at Study Area 22 

P r o f M r t i o n o f De tec t s 

A U S a m p k a ' 

U n i t s 

p g / g 7 / 7 

Mg 'g 5 / 7 

p g ' g 7 / 7 

p g ' g ' / ' 

MS'g 2 / 7 

Mg 'g 6 / ' 

Mg 'g 6 / 7 

f t / l i l l 
pgTg 7 / 7 

Mg/g 7 / 7 

f i l l 7 / 9 

pg'g 6 / 7 

pg'g 7 / 7 

Mg'S 4 / 7 

Pg ' i 2 / 7 

Mg'g 4 / 7 

Mg'g 7 / 7 

pg'g 4 / 7 

pg'g 7 / 7 

pg'g 3 / 7 

PS'g 1 / 7 

Mg/g t / 7 

pg'g 1 / 7 

pg'g 1 / 7 

Mg'S 1 / 7 

pg'g 3 / 7 

Pg/S 1 / 7 

pg'g 1 / 7 

Mg'S 1 / 7 

Mg'S 1 / 7 

MS'g 1 / 7 

PS'g 1 / 7 

M fg 1 / 7 

Mg'S 1 / 7 

PS'g 1 ' 7 

f f l t * 1 1 
f t / l 4 / B 
pg'g 1 / 7 

PS« 1 / 7 

f l i t 1 / 7 

p g ' g 5 / « 

. Mg'S . 4 / 7 

Alabama Army Ammunition Plant, 

Proponkm ofDetects 

Temporal A Spatial Frequency 

Sampled o f Detectkm' 

7 / 7 100% 

5 / 7 7 1 % 

7 / 7 100% 

7 / 7 100% 

2 / 7 29% 

6 / 7 86% 

6 / 7 86% 

5 / 7 7 I H 

7 / 7 100% 

7 / 7 100% 

7 / 9 78% 

6 / 7 86% 

7 / 7 100% 

4 / 7 57% 

2 / 7 29% 

4 / 7 57% 

7 / 7 100% 

4 / 7 57% 

7 / 7 100% 

3 / 7 43% 

1 / 7 14% 

1 / 7 14% 

1 / 7 14% 

1 / 7 14% 

1 / 7 14% 

3 / 7 43% 

1 / 7 14% 

1 / 7 14% 

1 / 7 14% 

1 / 7 14% 

1 / 7 14% 

1 / 7 14% 

1 / 7 I 4 H 

1 / 7 14% 

1 / 7 14% 

1 / 7 14% 

& / 8 75% 

1 / 7 14% 

1 / 7 14% 

1 / 7 14% 

5 / 8 63% 

4 / 7 57% 

NonDctecu 

M inCRL ' 

.. 
13 

--
0.43 

109 

47 

2.5 

.. 
--

10.0 

14,000 

.. 
0.087 

4.0 

7.5 

SO 

.. 
20 

0.089 

0.056 

0.17 

0.27 

017 

0.17 

0.24 

0.73 

0.25 

0.40 

0.27 

027 

0.17 

0.17 

0.17 

0.17 

0.0062 

0.17 

0.17 

0.97 

0.0025 

IOOO 

MaxCRL' 

.. 
13 

0.43 

109 

47 

2.5 

--

10.0 

14,000 

0.087 

4.0 

7.5 

.-
50 

-. 
81 

O089 

0.056 

0.17 

0.27 

017 

0.17 

024 

0.73 

0.25 

0 4 0 

0.27 

027 

0.17 

0.17 

0.17 

017 

0.0062 

017 

0.17 

097 

0.0025 

IOOO 

Childersburg, Alabama 

Delecis Arithmetic 

Minimum 

7,900 

17 

22 

0.38 

2 4 

281 

13 

6.1 

.5 .6 

14.000 

21 

340 

50 

O096 

7.1 

12 

288 

65 

21 

189 

0.21 

0.13 

30 

IOO 

200 

0.13 

100 

50.000 

S.OOO 

700 

400 

300 

80 

300 

100 

IOOO 

0 .0043 

80 

IOOO 

IOOO 

0 .0021 

6 , 4 7 0 

Maximum Mean' 

17,000 12,557 

44 27 

1,100 272 

1.2 0.61 

18 3.1 

20.000 4,026 

259 54 

12 7.0 

2,800 " 4 6 5 

110.000 38,000 

15,000 2,281 

2,190 1.773 

1.900 873 

2.1 0.40 

9.3 3.8 

259 48 

2.050 809 

588 140 

53 36 

5J00 979 

0.21 0068 

0.13 0.042 

30 4.4 

IOO 14 

200 29 

90 13 

IOO 14 

50,000 7,143 

5.000 714 

700 IOO 

400 57 

300 43 

SO 12 

300 4 } 

IOO 14 

IOOO 14] 

0.0069 0.0047 

80 12 

IOOO 143 

IOOO 143 

0.052 0.0094 

46.200 10.174 

Standan) 

Deviation' 

3,231 

16 

402 

0.28 

6 8 

7,244 

91 

4.3 

1.036 

32.726 

5,065 

2,399 

628 

0.76 

3.1 

94 

684 

204 

I I 

2.028 

0062 

0.037 

I I 

38 

76 

34 

38 

18.898 

1,890 

264 

151 

113 

30 

113 

38 

378 

0.0014 

30 

J78 

378 

0.017 

16,330 

Dislribulkin' 

Nonnal 

Nonnal 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

Nonnal 

Lognormal 

Lognonnai 

Lognonnai 

Lognonnai 

Nonnal 

Lognonnai 

Lo^iomial 

Lognonnai 

Lognonnai 

Lognonnai 

Nonnal 

Lognoimal 

Lognonnai 

Lognonnai 

Lognormal ' 

Lognonnai 

Lognormal 

Lognonnai 

Lognonnai 

Lognormal 

Lognormal 

Lognonnai 

Lognormal 

Lopiormal 

Lognormal 

Lognonnai 

Lognorrnal 

Lognonnai 

Nonnal 

Lognonnai 

Lognonnai 

Lognormal 

Lognonnai 

Lognonnai 

- D e m o l i t i o n L a n d f i l l 

95% UCL of 

Arith. Mean' 

14,930 

39 

5,872 

087 

•2IS 

979.705 

250 

10 

416,683 

82,457 

1.35E-K>7 

11,240 

1,334 

6.9 

8.5 

1.386 

2,127 

1.166 

44 

3.78E+06 

0.12 

0074 

3,607 

66,349 

2.4IE406 

100.471 

87,030 

l .93Et l6 

4.06E+I2 

2.89E<07 

9.40E4O6 

3.09E+O6 

92,682 

1.27E+07 

IM.732 

3.8JE-KI9 

0.0057 

92,682 

J.83E-t09 

8.42E406 

0.064 

I.60E406 

Exposure 

Poinl 

Concentraiion' 

14,930 

39 

1,100 

0.87 

IS 

20.000 

250 

10 

2,800 

82.457 

15,000 

2,190 

1.3J4 

2.1 

8.5 

259 

2.050 

588 

44 

5,500 

0.12 

0.074 

30 

100 

200 

90 

IOO 

50.000 

5.000 

700 

400 

300 

SO 

300 

IOO 

1000 

00057 

80 

IOOO 

IOOO 

0 . 0 5 2 

4 6 . 2 0 0 

• 

» 
# 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

» 
P 

P 

P 

P 

P 

» 
P 

P 

P 

2 x B K 

M e a n ' 

27 ,733 

42 

64 

. o.|io 

2.475 

46 

7.0 

26 

52.000 

14 

1.399 

682 

012 

21 

1.324 

-• 
96 

71 

-• 

--
• • 

--
•• 
--

- • 

-• 
--

--

Background 

Compaiisot^ 

(bk) 

ICEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVAI 

ICEB) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVAI 

(CEBIANOVA) 

ICEBIANOVA) 

ICEB) 

(CEBIANOVA) 

ICEBIANOVA) 

(CEBIANOVA) 

ICEBl 

(CEBIANOVA) 

(CEBIANOVAI 

(CEBl 

(bk) 

(CEBIANOVA) 

(CEB) 

(CEB) 

(CEBJ 

ICEB) 

(CEB) 

ICEBl 

(CEB) 

ICEB) 

(CEB) 

(CEB) 

(CEB) 

ICEB) 

(CEBJ 

(CEB) 

(CEB) 

(CEB) 

(CEBl 

ICEB) 

ICED) 

ICEB) 

ICEB) 

(CEB) 
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Table 4-57. Summary Statistics and Exposure Point Concentrations for Soli (1-10 ft BLS) at Study Area 22 - Demolition Landfl l l (Continued) 

Alabama Army Ammunition Plant, Childersburg, Alabama 

o 

0 \ 

Run Tbne: 6:15:57 PM 

Run Date 3/29/99 

Exposure U i i l : 22_SSI 

Proponion o f Detects 

Atl Sampka* 

Unto 

Proportbm of Detects 

TcmponlASioiial 

Sampled 

Frequency NonDetects Detecu 

ofDetedior^ M inCRL ' MaxCRL' Mbihnuwi Maximum 

Arilhmetic 

Meat/ 

Sundan) 

Deviatkm' Distribulkxi' 

95% UCL o f 

Arilh. Mean' 

Exposure 

Poim 

Concei lU ation 

2 i B K 

Mean' 

Background 

Comparisori 

* For the "Proportion ofDetects • A l Samples" cohmm, counts were based on the unavenged data set 

^For Ihe "Proportion ofDetects - Temporal and Spatial Samplea" and the "Frequency of Detection" oohmms, courts were based on Ihe averaged data set (eg., groundwater samples fiom the same wcQ were averaged). 

CRL - contract reporting l imil. 

' Nondetectt were treated as one-halfthe detection limil tn the calculation o f the site and background (BK) arithmetic means, standard deviation, and 95% upper confidence llmll (UCL). 

' Distributions for Ihe cakubtkm ofexposure point concentrations (EPCs): I ) I f f e w a dan 4 sampks are avallabk b Ihe site data set, TJndeteTmumr b indicated and the 95%UCL is cafculated based on a kignormal dislribution. 2) I f ihe normal 

goodness<of^fit test coefficient b greater than Ihe critical vahie, the dbtiibution b mnnal. 3) i fd ie lognormal goodness-of-ftt test ooefficicnt b pester than the criticat value, lhe dtstribulion b lognormal 4) Ifneither of die goodness-of-fii 

test coefficients s peater dtan the critical vahie, die dbtribution b assumed to be bpiontuL 

* The EPC b lhe 9S% UCL of ihe arilhmelic mean wilh 2 excepdons: Ifthe 9 5 % UCL exceeds the maxfmnm detected vahie (denoted by a "IV" next to die EPC) or the siie data set contains fewer than 4 samples, the maximum detected vahie b subsiituied as the EPC. 

' C E B (chemtcai exceeding background) • the maximum detected resull b peater Onn or equal to two times the badcground mean; bk (badcground) - die maxnnum delected result b less Omn two times die background mean; ANOVA - anal>sb o f variance 

detemiines dat die site and background data sets come frofn die tame popuhtioa 

• - Not applicable (note: background comparison not conducted for organic oompoundf) 
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Run Tone: 6:15:57 PM 

Run Date: 3/29/99 

Exposure Unit: 2 2 _ S S I 

Parameter Units 

AU Samples' 

Proponion ofDetects 

TemponI & Spatial 

Samples' 

Frequency NonDctects Detects 

o f Detectkm' M h C R L ' MaxCRL' Minimum Maximum 

Arithmetic 

Mean' 

Slandanl 

Deviation' Disti^tution 

95% UCL of 

Arilh. Mean' 

Exposure 

Poinl 

Concentration' 

2 x B K 

Mean' 

Background 

Comuarisoir 

Table 4-58. Summary Statistics and Exposure Point Concentrations for Soil (>I0 ft BLS) at Study Area 22 - Demolition Landfl l l 
Alabama Army Ammunition Plant, Childersburg, Alabama 

0 \ 

> 
i 
o o 

Ahiminum 

Arsenic 

Barium 

Bei>11ium 

Chromium 

Coball 

Copper 

Iron 

Lead 

Mapiesium 

MangaiKse 

Mereuiy 

Nickel 

Potasskim 

Vanadium 

Toluene 

Tolal Organic Caibon 

f t / l 
PS/S 

MŜ B 

PC'S 

PS'g 

f l i t 
vWl 
pg/S 

PS'g 

PS'S 

Mg'S 

pg'8 

PS'g 

pg/g 

PS'g 

PS'g 

pg'g 

2 / 

1 / 

2 / 

2 / 

2 / 

1 / 

2 / 

2 / 

2 / 

1 / 

2 / 

I / 

I 

2 

2 

I 

I 

2 / 

1 / 

2 / 

2 / 

2 / 

1 / 

2 / 

2 

2 

I 

2 

100% 

5 0 % 

100% 

100% 

100% 

5 0 % 

100% 

100% 

3 3 % 

5 0 % 

100% 

5 0 % 

100% 

100% 

100% 

.50% 

5 0 % 

10.0 

138 

0.0025 

1000 

10.0 

138 

0.0025 

IOOO 

2.400 

41 

7.7 

1.3 

7.5 

7.0 

23 

34.000 

87 

262 

107 

0.13 

36 

460 

19 

0.0019 

1,350 

4,790 

41 

8.3 

1.5 

IOO 

7.0 

36 

36,000 

125 

262 

198 

013 

55 

460 

24 

0.0019 

1,350 

39 

Undetermined 

Undelermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetcmuncd 

Lognonnai 

Undeteimined 

Undetermined 

Undetermined 

Undeteimined 

Undetermined 

Undctcrmhied 

Undetermined 

Undetermined 

3,578 

4,790 

41 

8.3 

1.5 

100 

7.0 

36 

36.000 

125 

262 

198 

0.13 

55 

460 

24 

0.0019 

1,350 

27,567 

52 

41 

0.89 

53 

58 

56 

57,000 

32 

867 

1,331 

036 

46 

1,206 

92 

Ibkl 

(bkl 

(bk) 

(CEB) 

(bk) 

(bk| 

(bk) 

Ibk) 

(CEBIANOVAI 

(bkl 

(bk) 

(bk) 

(CEB) 

(bk) 

(bk) 

(CEB) 

(CEBl 

' For Ihe "Proponkm of Detects • AO Samples" cohimn, counis were based on the unavenged data set. 

For the -PrafXNlnn o f Detects • Temporal and Spalial Samples" and Ihe Trequency o f DctectkMi" columns, counts were based on the averaged data set (e:g, groundwater samples lrom the same weD were averaged). 

' C R L . contract reponing l imit 

'Nondetects were Irealed i s on-hal f die ddeclion l imil in Ihe calculation o f ihe site tnd background (BK) arithmetic means, slandanl deviatnn. and 95% upper confidence limil (UCL). 

' Distributions Ibr Ihe calculalkm ofexposure point concentrations (EPCs): I ) I f fewer than 4 samples arc available in Ihe sile dau tet, "Undeiennined* b indicated and lhe 95%UCL is calculaled based on a lognonnai distribution. 2) I f the nomiai 

goodness-of-fil test coefficieni is grcaier Ihan the critical vahie. the distribulion is normal. 3) Ifthe lognormal goodness-of-lil tesl coefHcienl is grcaier than the critical value, the dislribution is kignonnal. 4) irneilher ofthe goodncss.of-fit 

test coeflicients B peater ihan the critical vahie. the dislribution is assumed lo be bgnonnal 

' The EPC is the 95% UCLo f the arithmetic mean wilh 2 exceplions: i f the 95% UCL exceeds the maxhnum detected vahit (denoted by a "« * next to the EPC) or the site data set contains fewer thtn 4 samples, t ie maximum detected value is substkuled as thc EPC. 

' C E B (chemica) exceeding bacfc^und) - the niaximum detected resub is grealer than or equal lo Iwo tfancs the backpound mean; bk (background) - the maximum detected lesutl is less than Iwo limes the background mean; ANOVA - aialysts of variance 

determines Ihat the site tnd background data sets come firm Ihe same popubtion. 

- - Not applicable (note: background comparison not conducted for organic compounds) 
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Results of Field Investigations 
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Results of Field Investigations 

reported throughout Area B during the Supplemental RI. Concentrations of barium (1,100 ^g/g), 
cadmium (18 ^g/g), chromium (259 ng/g), copper (2,800 ^g/g), iron (110,000 ng/g), lead 
(15,000 |Ag/g) nickel (259 ng/g), and zinc (5,500 ng/g) detected in shallow subsurface soil samples 
from SB-22-048 were the highest reported throughout Area B during the Supplemental RI at that 
depth. 

Lead concentrations in Study Area 22 soils varied widely from nondetect in several deep 
subsurface soils to 15,000 ^g/g at SB-22-048 (5 feet BLS). Lead concentrations at SB-22-047 
decreased with increasing depth, while samples from locations SB-22-048 and,SB-22-049 showed 
no clear distribution pattem with depth. The highest lead concentrations at SB-22-048 and 
SB-22-049 were at 5 and 20 feet BLS, respectively. 

Explostyes—Two explosives were 
detected in one shallow subsurface soil sample 
(SB-22-048) collected at Study Area 22 and are 
listed in the adjacent box. The sample, collected 
from a depth of 1 foot BLS, is located in the center of Study Area 22. Explosives were not detected 
in the sample collected at 5 feet BLS in the same boring. 

FOCs—Three VOCs were detected at 
concentrations near the CRL in soil samples 
collected at Study Area 22. The VOCs and their 
maximum concentrations reported in each soil 
interval are listed in the adjacent box. 

Results of acetone analyses for samples collected before June 19, 1995 (as was the surface 
sample collected at SS-22-002) are believed to be suspect as a result of field laboratory activities 
(see Section 4.2 for additional information). 

Maximum ConcentraUons | 
Analyte (pg/g) 

TNT 
2,4-Dinitrotoluene 

0"<1fl l-IOft 
0.209 
0.125 

>i(m 

Maximum Concentiations | 
Analvte (ug/g) 

Acetone 
Methylene Chloride 
Toluene 

(H:1ft 
0.026 

0.0048 
0.0049 

1-10ft 

0.0069 
0.052 

>10ft 

0.0019 

J J 

Concentrations of methylene chloride and 
toluene detected in Study Area 22 soils were near 
or below the CRL, with the exception of the 
1-foot BLS sample at SB-22-047, which had a 
toluene concentration of 0.052 jxg/g. Toluene was 
not detected in the deeper samples collected at 
this location. These concentrations are not 
indicative of significant VOC contamination in 
the surface and subsurface soils. 

5F0C5—Seventeen SVOCs (16 of which 
are PAHs) were detected in shallow subsurface 
soil collected fixjm sampling location SB-22-048 

Maximum ConcentraUons | 
Analyte (ug/g) 

2-Methylnaphthalene 
Acenaphthene 
Anthracene 
Benzotalanthracene 
Benzofalpyrene 
Benza(blfluoranthene 
Benzo(q,h,ilpervlene 
Benzofklfluoranthene 

1 Chrysene 
1 Dibenzo(a,hlanthracene 
1 Dibenzofuran 
1 Fluoranthene 
1 Fluorene 

Indenoll ,2,3^xl)pyrene 
Naphthalene 

1 Phenanthrene 
1 Pyrene 

(Klft i-i(m 
30 
100 
200 
90 
100 

50,000 
5,000 
700 
400 
300 
60 
300 
100 

1,000 
80 

1,000 
1,000 

>10ft 

. 

\J 
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Results of Field Investigations 

and are listed in the adjacent box; Of the 17 SVOCs, 16 were detected only in the sample collected 
{ ^ at a depth of 1 foot BLS at SB-22-048, located in the center of Study Area 22. 

The concentrations of the PAHs detected in SB-22-048 from 1 foot BLS were the highest 
concentrations reported in shallow, subsurface soils during the Supplemental RI. 
Benzo(a)anthracene was the only PAH detected at depths greater than 1 foot BLS in SB-22-048. 
Benzo(a)anthracene was detected at concentrations <0.2 |ig/g in shallow subsurface soil samples 
collected from SB-22-048 at depths of 5 feet BLS (0.13 ng/g), 1 foot BLS (90 ng/g), and 10 feet 
BLS (0.17 ng/g). Deep subsurface samples were not collected at location SB-22-048. 

Summary—Several chemicals are present in the soils at the Demolition Landfill, including 
explosives, VOCs, SVOCs, and metals above background concentrations. The most notable result 
was the detection of 17 SVOCs in the shallow subsurface soils (less than 10 feet) at concentrations 
up to 50,000 ng/g- The SVOCs detected at Study Area 22 seem to be limited to the shallow 
subsurface soils. The 17 detected SVOCs (16 of which were PAHs) were limited to a single boring 
location at the central portion ofthe study area (SB-22-048). Sixteen ofthe 17 SVOCs were 
identified only in the shallowest subsurface soil interval (1 foot BLS). Only one PAH, 
ben2o(a)anthracene, was identified in the 5- and 10-foot interval ofthat boring. This lack of vertical 
migration is expected because of the chemical nature of the detected compounds. 

Metals contamination was identified at Study Area 22 in all sampling intervals. 
I J Concentrations of eight metals in selected sampling intervals were the highest reported throughout 

Area B during the Supplemental RI. Explosives contamination of the soils is limited; TNT and 
2,4-DNT were detected in the shallow subsurface soils at concentrations less than 0.21 ng/g-
Similarly, low concentrations (near the CRL) of VOCs were detected in the subsurface soils at the 
Demolition Landfill. The horizontal extent of soil contamination is not clearly defined, but the 
results indicate that it is located primarily in the central portion ofthe landfill. 

4.5.16 Study Area 2 5 - Storage Battery/Demolition Debris 

The only reference to the use of this study area was in the Installation Assessment Report, 
which noted a small area, east of water intake plant No. 3, that was used as a dumping ground for 
old construction debris (DA 1978). During a site visit in 1985 (ESE 1986), rubble and at least 
20 heavy-duty lead-acid battery casings were found. These casings consisted of approximately 
30 pounds of lead components in a glass casing. In addition, three mercury switches, each 
containing 3 to 4 mm of liquefied mercury metal, were observed. During the previously conducted 
RI (ESE 1986) arsenic, chromium, copper, lead, nickel, thallium, zinc, and TNT were detected in 
the soil. 

During Phase 1 of the Supplemental RI, surface soil samples from three locations and 
subsurface soil samples from three borings were collected and screened for lead on a quick-
tumaround basis at the offsite laboratory. Three surface soil samples and eight subsurface soil 

-̂—^ samples from three borings were collected and analyzed in the laboratory for metals, explosives. 
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Results of Field Investigations 

VOCs, and SVOCs. In addition, two of the surface and two of the subsurface soil samples were 
collected and analyzed for hexavalent chromium. 

. The data summary tables for Study Area 25 are presented in Appendix K. Tables 4-59 
through 4-61 present summary statistics for the soils at Study Area 25. Figure 4-34 shows the 
locations where the general contaminant group CEBs (metals, SVOCs, VOCs, and explosives) 
were detected in Study Area 25 soils. Sheets 4-5 and 4-6 present the screening results for surface 
and subsurface soils, respectively, for Study Area 25. 

Metals—Eighteen metals were detected at 
concentrations exceeding background in surface 
soils. The metals are listed in the adjacent box. 
Twelve metals were detected at concentrations 
exceeding background in the surface soils. The 
maximum concentrations of eight of the metals 
(beryllium, chromium, copper, iron, lead, 
mercury, vanadium, and zinc) in the surface soils 
were detected in sample SS-25-002. Maximum 
surface soil concentrations of aluminum, arsenic, 
nickel, and potassium were detected in sample 
SS-25-003. None of the maximum concentrations 
of metals that exceeded background was 
identified at the SS-25-001 sample location. 

Ten metals were detected at 
concentrations exceeding background in the 
shallow subsurface soils collected from depths 
between 1 and 10 feet BLS. The maximum metal 
concentrations detected in the shallow subsurface 
interval were detected in the samples collected from 10 feet BLS, except for sodium, which was 
detected at a maximum concentration in the 5-foot BLS sample. 

Ten metals were detected at concentrations greater than background in the deep subsurface 
soils. The maximum concentrations of aluminum, barium, lead, magnesium, manganese, and 
potassium in deep subsurface soils were detected in the 20-foot BLS sample at SB-25-051. 
Beryllium, calcium, copper, and iron concentrations in deep subsurface soils were detected at 
maximum concentrations in the 15-foot BLS sample at SB-25-052. 

Ejqflostyes—Explosives were not detected in any of the soil samples collected at 
Study Area 25, 

Maximum Concentrations* I 
Analyte (tig/g) 

Aluminum • 
Arsenic 
Barium 
Beryllium 

1 Calcium. 
Chromium 
Cobalt 
Copper 

Iron 
Lead 
Maqnesium 

Manganese 

Mercury 
NIdtel 
Potassium 
Sodium 
Vanadium 
Zinc 

( K 1 « " 
27,000 

. 20.1 

0.846 

55.7 

. 22.2 

46,000 
51.8 

0.118 
19.8 
1,410 

77.6 
262 

1-10ft 

82.2 
2.11 

34.5 
27 . 

48.3 
1,780 

1,000 

28.8 
2,140 
57.4 

>1(»r 
28,000 

72.7 
4.8 

1,220 

'64.8 
58,000 
32.2 
1,980 

1,500 

2,550 

* Metals also determined to exceed bacicground based on ANOVA 
. evaluation are shovvn in bold. 

** ANOVA evaluation not conducted because there are fewer than 
four samples in the data set. 
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Table 4-59. Summary Stalistlci and Exposure Point Concentrations for Soil (0-<l ft BLS) al Sludy Area 25 - Storage Battery/Demolition Debris 
Alabama Army Ammunition Plant, Childersburg, Alabama 

O 

I 

- J 

RunTime: 6:18:26PM 

Run Due: 3/29/99 

Exposure Unil: 2. ' i_SSl 

Penmeier 

Alununum 

Aiseric 

Baiiuni 

Beryllium 

Cilchim 

Chrontium 

Cotall 

Copper 

Iron 

Lead 

Ma^Kstum 

M r m i i y 

Nickel 

Pocusum 

Sodium 

Vanadium 

Zinc 

Acelone 

Benzoic Acid 

Toluene 

ToCal Oi^anic C-UIKMI 

Proponion or DeiecB 

Al l Samplea' 

Unils 

Mg/g i l i 

pg/g 2 / 3 

pg'g 3 / 3 

pg'g 3 / 3 

pg/g 3 / 3 

Mg'g 3 / 3 

MS'g 1 / i 

Mg'g J ' J 

Mg% J ' J 

Mg'g J ' J 

Mg'g J / J 

Mg'g J / J 

pg'g 1 / 3 

Mg'g • 3 / 3 

f t / a i l i 

Mg'g l / J 

pg'g J / J 

Mg'g J ' J 

Mg'g 1 / 3 

Mg'g 1 / 3 

Mg'g i l i 

f i l l i l i 

Proponion of Delects 

TemponI A Spalial 

Samples 

r3 / 3 

Frequency 

OfDeteclion' 

100% 

6 7 S 

lOOK 

100% 

100% 

100% 

33% 

100% 

100% 

100% 

100% 

100% 

33% 

100% 

100% 

33% 

100% 

100% 

33% 

33% 

67% 

100% 

NonDdecls 

M h C R L ' 

13 

.-

.. 

.. 
2.5 

.. 
-• 

> 
--

0.087 

--

50 

--
0.04} 

0.92 

0.002S 

--

MaxCRL' 

13 

.. 

.. 
25 

.. 
-• 

--

0.087 

--

30 

--
OMS 

092 

0002S 

--

Exposure 

Detects Arithmetic Sundard 93% UCL o f Point 

Mnimum 

13,000 

18 

73 

0.69 

862 

35 

J.3 

9.7 

17,000 

25 

«25 

330 

0.12 

10 

767 

66 

33 

64 

0.027 

7.3 

00034 

36,400 

Maximum Mean' Deviation' Distribulion* AriiK Mean' Concennalion' 

27,000 

20 

I IS 

0.85 

2,430 

56 

35 

22 

46,000 

52 

SSI 

630 

012 

20 

1.410 

66 

78 

262 

O027 

7.3 

O022 

50,100 

Undetermined 

Undetcnnined 

Uiiueiei uuned 

Undeiennined 

Undetennlned 

Undetermined 

Undeiennined 

Undeiennined 

Undetermined 

Undetermuied 

Undetermined 

Undeiennined 

Undetermined 

27.000 

20 

118 

0 8 5 

2,450 

56 

3.3 

22 

46.000 

52 

881 

650 

0.12 

20 

1.410 

66 

78 

262 

0.027 

7.3 

0.022 

50.100 

2 x B K 

Mean' 

20.277 

IS 

124 

082 

4,960 

54 

14 

13 

37,560 

34 

1,189 

1,730 

0.056 

9.4 

680 

501 

76 

36 

-. 
.-

Background 

Comparisot^ 

[CEBJ 

[CEBl 

[bk] 

(CEBJ 

Ibk] 

[CEB] 

(bk) 

[CEBl 

ICEBl 

ICEB) 

[bk| 

Ibk l 

ICEBl 

ICEB) 

ICEBl 

(bkl 

(CEBl 

(CEB) 

(CEB) 

ICED) 

[CEB] 

[CEBJ 

* For lhe "Pnjpoi tbn o f Detects - A l Sampks* column, counts were based onthe utavcrsged dat iset 

^ For the Tropoi t ion o f Detects • TemponI u id Spstial Ssmples" and the "Frequency of Detection" cohimns. counts were based on the averaged d i U set (eg. , goundwater samples fivm Ihe same weO weie averaged). 

*CRL - contract reponing l imit 

' Nondetects wciv treated u one-halfthe detection ttinti In the calcutaiion ofthe site and background (BK) arilhmetic means, sundan) deviation, and 95% upper confidence limit (UCL). 

* Distributions for the calculation ofexposure point conoentialiotts (EPCs): 1) I f fewer ihan 4 samples are available in the f i le daU set. "Undetermined" is indicaled and the 9S%UCL b calculated based on a lognomnal distribution. 2) I f Ihe nonnal 

goodness-of-fil tcsl coeflicienl t i greater than lhe critical vihie, the distrtbution Is mmu i . 3) I f the lognoimal goodness*otfil test coefliCTenl is greater than the critical vahie. the distributton is bgnormal. 4) I f neither o f Ihe goodness-of-fil 

test coefficients is greater than the crttical vahie, the distrftnitton is assumed to be bgnomnal. 

Tbe EPC b the 95% UCL of the arithmetic mean with 2 exceptkns: t f Ihe 95% UCL exceeds the maximum detected vahie (denoted by a "M" next to the EPC) or the site data set contains fewer than 4 samples, the maximum detected vahie is substituted as the EPC. 

' C E B (chemical exceeding background)-the maximum delected resull bpca ie r than or equal to two times the background mean; bk (background) - the maximum detected resuh bless tlon two limes lhe background mean; ANOVA - analysb of variance 

determines that the site and backgound data sets come fiwn the same populaiioa 

- • Not applicable (note: background comparison not conducted for organic compounds) 
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Table 4-60. Summary Statistics and Exposure Point Concentrations for Soil ( l - IO ft BLS) al Sludy Area 25 - Storage Battery/Demolition Debris 

Alabama Army Ammunil ion Plant, Childersburg, Alabaina 

Ron Time: 6:18:26 PM 

Run Date: 3/29/99 

ExpauTC Unil: 2 5 _ S S I 

Parameter Units 

Proponion or Detecta 

Al l Sampled 

Proponion o f Delecis 

Tcmpa i t l& Spalial 

Samples' 

Fretiuency NonDelects Ddects 

oTDetecilon' M inCRL ' Mas CRL' Minimum Maumum 

Aridimetic 

Mean' 

Slandanl 

Devialion' 

93% UCL of 

Ar i lh Mean' 

Exposure 

Point 

Concentraiion 

2 « B K 

Mean' 

Background 

Compaiisoi/ 

Ahunimim 

Anenic 

Barium 

Beryllium 

Caldum 

Chromium 

Coball 

Copper 

Iron 

LeiKl 

Maptesium 

Manganese 

Nickel 

Potassum 

Sodium 

Vanadium 

Zinc 

Methylene Cliloride 

Totuene 

Total Organic Carbon 

f t / t 
f t / t 
f t / l 
Mg'g 

PS'g 

Mg'g 

Mg'g 

pg^g 

Mg'g 

Mg/g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

pg'g 

MS'g 

ft/a 
f t / l 

I 6 

I 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 9 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 . 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

/ 6 

I 6 

/ 9 

/ 6 

/ 6 

/ 6 

/ 6 

I / 6 

6 / 6 

6 / 6 

3 / 6 

1 / 6 

J / 6 

100% 

50% 

100% 

83% 

100% 

67% 

67% 

100% 

100% 

67% 

100% 

100% 

67% 

100% 

17% 

100% 

100% 

50% 

17% 

83% 

025 

16 

2.5 

10.0 

025 

30 

2.5 

O0062 

0.0025 

IOOO 

0.0062 

0.0025 

IOOO 

13,000 

17 

23 

038 

353 

21 

4.3 

6.3 

19,000 

13 

495 

85 

12 

267 

57 

27 

21 

O0044 

O.OIOO 

1,310 

23,000 

34 

82 

2.1 

1,150 

46 

35 

27 

51,000 

48 

1,780 

IOOO 

29 

2,140 

57 

" 74 

62 

O.OIOO 

O.OIOO 

4,570 

17,000 

16 

49 

1.0 

596 

23 

8.9 

17 

35,833 

19 

873 

456 

14 

787 

30 

43 

42 

00050 

0.0027 

2JJ7 

4,243 

12 

22 

078 

340 

14 

13 

8.1 

13.467 

16 

483 

396 

10 

683 

13 

16 

15 

0.0027 

O0036 

1,406 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Lognormal 

Normal 

Normal 

Normal 

Lopiormal 

Normal 

Normal 

Lognoimal 

Lognormal 

Lognonnai 

Normal 

Lognormal 

Lognormal 

Nonni l 

20,490 

27 

67 

1.7 

876 

37 

150 

23 

46,912 

28 

1.549 

783 

23 

2.167 

43 

61 

54 

O0087 

O.OIO 

3,493 

20,490 

27 

67 

1.7 

876 

37 

35 

23 

46,912 

28 

1.549 

783 

23 

2.140 

43 

61 

54 

0.0087 

O.OIOO 

3.493 

27,733 

42 

64 

0 8 0 

2.475 

46 

7.0 

26 

52.000 

14 

1.399 

682 

21 

1.324 

96 

71 

(bk) 

Ibkj 

(CEB IANOVAI 

[CEB IANOVAI 

(bk) 

Ibk) 

(CEBIANOVA) 

ICEBIANOVA) 

(bk) 

(CEBIANOVA) 

(CEBIANOVA) 

(CEBIANOVA) 

[CEBIANOVA] 

(CEBIANOVA) 

(CEB) 

(bk) 

(bk) 

(CEB) 

ICEBj 

ICEB) 

' For Ihe-Proporiion o f Detects - Afl Samples'column, awnts were based on die unaveraged data set. 

For the "Tropoctioti o f Detects < Temporal and Spsiial Sainpks" and the Trcquercy f i f Deteciion" cotuirira, counis wenf basal on lhe averaged dau scl (e.g, gioundwater sa^ 

*CRL'cot i i raci reponing llmiL 

' Nondetects were trealed as one-halfthe detection limit inthe calculation o f the site and background (BK) arithmetic means, itandard deviation, and 95% upper confidence limit (UCL). 

• Dislribulions for the calculiiion ofexposure poim ooncentraliom (EPCs): I ) Iffewer Ihan 4 sampks are available in the site dala set. Tlndeiennined" is indiaKd and Ihe 95%UCL is calculated based on a lojnonnal distribulion. 2) I f lhe nonni l ' ' 

gaodness.or-fil lesl coeHkienl is pealer Ihan Ihe critical value, the distribution is normal. 3) I f lhe bgnormal goodness^l^iil lesl coeflicienl is gretier Ihan Ihe critical value, the dislribulion is lognonnai 4) Ifneilher ofthe goodnesSK>f-fil 

Icst coefncients B greater Ihan the criiical vahie, the dislribulion b assumed to be kignonnal. 

Thc EPC s Ihe 95% UCL o f lhe arithmetic mean with 2 exceptions: I f Ihe 95% UCL exceeds the maximum delected value (denoted by i " » " next lo lhe EPC) of the site dau set conains fewer than 4 samples, the maximum detected value is subsliluled K ihe EPC. 

•CEB (chemical exceeding background) - the maxhnum detecied resull fa greater Ihan or c<)ual to t w i times Ihe background mean; bk (backgraund) - the mixiracim detected lesull is less iten two limes Ihc badrground mean: ANOVA - amlysis o f variance 

deiermines that the silc and bacitground dau sets come Gom lhe same population. 

' - Not applicable (note: backgiwind comparison not conducted for organic compounds) 
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Table 4-61. Summary Slatlsllcs and Exposure Point Concentrations for Soli (>I0 fit BLS) at Sludy Area 25 - Storage Battery/Demolition Debris 

Alabama Army Ammunition Plant, Childersburg, Alabama 

n 
• o o 
3 

- J 

RunTime: 6:18:26 PM 

Run Date: 3/29/99 

Exposuit Unil: 25_SS I 

Parameler 

Ahiminum 

Arsenic 

Barium 

Beryllium 

Cakhnn 

(rtaixnium 

Cobalt 

Copper 

Iron 

Lead 

MaffKsium 

Manganese 

Meicuiy 

Nickel 

Potassaim 

Vanadhim 

Zinc 

Methylenechloride 

Proponion ol 

AllSami 

Units 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

f t / l 

f l i t 

f i l l 

f i l l 

f i l l 

f i l l 

f t / l 

pg'g 

Mg'g 

MB'g 

MS'g 

MB'g 

Mg'g 

Detects Proponion of Delects 

iks* Temporal A Spatial Fiequency 

Samalis' OfDeteclion' 

NonDctects Detects Arilhmetic Slandaid 95% UCL of 

MinCRL* MaxCRL' Minimum Maximum Mean' Devialion' Dislribulion* Arilh. Mean' 

Exposure 

Point 

Concentration' 

2 x B K 

Mean' 

100% 

50% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

507'. 

100% 

100% 

100% 

100% 

50% O0062 00062 

5,330 

23 
|g 
3.3 
953 
15 
19 
46 

32,000 

15 
797 
710 
0.22 

31 
402 
35 
58 

0.0071 

28.000 

23 
73 
4.8 
1,220 

30 
28 
65 

58,000 

32 
1,980 

1.500 

022 
43 

2.550 

45 
67 

0.0071 

Undetermined 

Undelermined 

Undetermined 

Undetermined 

Undetermined 

Undctetmined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

28,000 

23 

73 

4 8 

1.220 

30 

28 

65 

58.000 

32 

1,980 

I.SOO 

022 

43 

2.550 

45 

67 

O0071 

27.367 

52 

41 

0.89 

257 

53 

58 

56 

57,000 

32 

• 867 

1,331 

036 

46 

1,206 

92 

104 

Background 

Comparison^ 

(CEB) 

(bk) 

(CEB) 

(CEB) 

(CEB) 

(bk) 

(bk) 

ICEB) 

(CEB) 

(CEB) 

(CEB) 

ICEB) 

[ b l l 

Ibk) 

(CEB) 

(bk) 

(bk) 

(CEB) 

' For Ihe Tropor ikm o f Detects - A l Samples" cohimn, counts were based <m Ihe unaveraged daU set. 

For the "Proponion ofDetects - Temporal and Spalial Samples" and Uw "Frequency of Deteciion" cohimns. counu were based on die averaged i lau sel (e.g, groundwater samples lrom lhe same wcD were averaged). 

'CRL - contract reporting limil. 

'Nondetects were irealed as one-halfthe deteciion limit in Ihe caiculalion o f the site and baUgiuuiid (BK) arithmetic means, standard deviation, and 95% upper confidence limil (UCL). 

' Dfatribulions fbr Ihc calculation ofexposure poim conccntraltcra (EPCa): I ) I f fewa Ihan 4 samples are available in the site dau set. "Undctetmined" fa indicaled and Ihe 95%LICL fa calculaled based on a lognomul dfabibulion. 2) I f the nonnal 

goodness-o^fil lesl coeflicicid fa greater than the critical vahie, die tHsliibution fa nonnal. 3) I f lhe lognonrul goodncss-of fil lest coefficient fa pealer Ihan dw criiical vahie, Ihe distnliulion fa bgnormal. 4) Ifneilher ofthe goodness-of-Ht 

tesl coeflicients fa grealer dian dw criiical value, dw disliftution fa assumed to be bgnonnaL 

'The EPC fa the 95% UCL o f dw arithmetic mean widi 2 exceptiora: i f dw 95% UCLexceeds Ihe maximum detected vahw (denoted by a "ff" next to the EPC) or l l r she dau set conutns fewer dian 4 samples, Ow maximum detected vatue fa subslimted as Ihe EPC. 

' C E B (chemical exceeding background) - dw maximum detecied resuh fa prater than or equal lo two limes Uw background mean; bk (background) - the maximum detected resub fa less ihan two limes the background mean; ANOVA • analysts of variance 

determines dot dw site and backpound daU seu come lrom Utt lame population 

- - Not appticable (note: background comparison not conducted for organic conipounds) • 
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Results of Field In vestigations 
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Results of Field Investigations 

Maximum Concentiations | 
Analyte (pg/g) 

Acetone 
Methylenechloride. 
Toluene 

0-<1ft 
0.027 

0.022 

1-1011 

0.01 

0.01 

>i(m 

0.0071 

VOCs—Three VOCs were detected at low 
(<0.03 |ig/g) concentrations and are listed in the 
adjacent box. Acetone was detected in only one 
sample (surface soil sample SS-25-001). Results 
of acetone analyses for samples collected before 
June 19, 1995 (as was SS-25-001), are believed to be suspect as a result offield laboratory activities 
(see Section 4.2 for additional details). Toluene was detected at concentrations less than 0.03 ng/g 
in two surface and one shallow subsurface soil sample. 

SVOCs—Only one SVOC, benzoic acid, was detected at a concentration of 7.3 |ig/g in the 
surface soil at location SS-25-001. No other SVOCs were detected in the surface or subsurface 
soils at Study Area 25. 

Summary—Metals were detected at concentrations above background in soils at each ofthe 
three sampling locations selected at Study Area 25. Soil boring sample results indicate that metals 
concentrations in the subsurface soils increase with depth for many ofthe detected metals. Seven 
metals (aluminum, barium, beryllium, copper, iron, lead, and manganese) were identified at 
concentrations exceeding background in the deep subsurface soils at Study Area 25. Maximum 
concentrations for four of the deep subsurface soil metals were detected at 20 feet BLS at 
SB-25-051 and maximum concentrations of three ofthe deep subsurface soil metals were detected 
at 15 feet BLS at SB-25-052. However, detected metals concentrations generally were not high 
compared to concentrations at other study areas. The maximum concentration of lead detected in 
Study Area 25 soils was 51.8 ng/g. These results are consistent with the reported information on 
the use of the study area as a dumping ground for batteries, switches, and construction debris. 
VOCs were detected in samples from all three locations, but at concentrations near the CRL. One 
SVOC, benzoic acid, was detected in the surface soil. Explosives were not present. 

4.5.17 Building 6 - Coke Oven 

The Coke Oven is located in the northernmost portion of Study Area 2. It was identified as 
a low-lying area that received surface water drainage from the majority of Study Area 2. Little 
mformation is available regarding the types of activities that occurred at the Coke Oven itself 

Ten soil sampling locations were established at the Coke Oven diiring the Supplemental RI. 
Surface soil samples were collected at all 10 locations for explosives screening and confinnatory 
analyses. Two soil borings were drilled; subsurface soil samples were collected and screened for 
explosives. One shallow subsurface and two deep subsurface soil samples were collected from 
each boring. All soil samples were analyzed for metals, VOCs, SVOCs, and explosives. 

Appendix K presents data summary tables for the Coke Oven. Tables 4-62 through 4-64 
present summary statistics for Coke Oven soils. Figure 4-35 shows the locations where the general 
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Table 4-62. Summary Sialiglicg and Expoture Point Concentrations for Soil (0-<l ft BLS) at Study Area B6 - Building 6 - Coke Oven 
Alabama Army Ammunillon Plant, Cliiidergburg, Alabama 

Ti 
a 
•a 
o a 

Run Time: 6:39:2 I P M 

Exposure Unit: B6_SS1 

Parameter 

Aluminum 

Aisenic 

Baxium 

Beiyllhim 

Cafcium 

Coball 

Copper 

Iron 

Lead 

Mapwsium 

Manganese 

Mercury 

Nickel 

Potasskim 

Sodium 

Vanadium 

Zinc 

Benzo(a)anthraccne 

Methylenechloride 

Toluene 

Total Organic Caitnn 

UniU 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

pg'g 

Mg/g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

f t l l 

f t l l 

pg/g 

f l U 

f U l 

f i l l 

f l / l 

f t / l 

f t / t 

f t / l 

Mg'g 

Proponion o f Delects 

A l l Samples' 

10 / 10 

6 / 10 

10 / 10 

10 / 10 

10 / 10 

1 / 10 

10 / 10 

10 / 10 

10 / 10 

10 / 10 

10 / 10 

1 / 10 

9 / 10 

10 / 10 

10 / 10 

1 0 / 1 0 

1 0 / 1 0 

l / I O 

1 / 10 

2 / I I 

2 / 10 

3 / I I 

10 / 10 

Propoition o l uctccls 

Temporal A Spatial 

Samples' 

10 

6 

10 

10 

10 

1 

10 

10 

10 

10 

10 

1 

9 

10 

10 

10 

10 

1 

1 

2 

2 

5 

10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/. 10 

/ 10 

1 10 

/ 10 

/ 10 

/ . I O 

/ 10 

/ I I 

/ 10 

/ I I 

/ 10 

Frequenqr 

OfDeteclion' 

100% 

60% 

100% 

100% 

100% 

10% 

100% 

100% 

100% 

100% 

100% 

10% 

90% 

100% 

100% 

100% 

100% 

10% 

10% 

18% 

20% 

45% 

100% 

NonOetecIs 

M inCRL ' 

.. 
13 

--
--
J.5 

--
--

--
0.087 

7.5 

--
--
-. 
.-

017 

0.16 

0.0062 

017 

0.0025 

--

MaxCRL' 

.. 
13 

--
--

2.5 

--
--
--

--
0.087 

7.5 

• -
-. 

0 1 7 

016 

0.0062 

017 

0.0023 

Detects 

Minunuiil 

19,000 

IB 

89 

1.00 

3.000 

4.0 

12 

27,000 

20 

1,010 

430 

O I I 

9.6 

1,120 

78 

39 

60 

013 

052 

0.0068 

0 1 9 

0.0032 

17 JOO 

Maximum 

34.000 

29 

211 

2.7 

47.000 

4.0 

57 

54,000 

84 

8,500 

730 

an 
23 

3,320 

343 

73 

132 

0.13 

052 

0.0068 

0.22 

0.053 

88,400 

Aridunetic 

Mean' 

25.600 

16 

165 

1.8 

22,634 

1.5 

29 

36,800 

54 

3,557 

5 9 3 . 

O050 

• 14 

2,021 

194 

54 

94 

0.090 

012 

0.0038 

O I I 

0.0079 

52,910 

Standard 

4.600 

8.8 

48 

055 

15,708 

. 086 

I I 

8,561 

19 

2.521 

120 

0.021 

5.2 

616 

89 

9.9 

21 

' 0.014 

014 

0.0015 

0.051 

0.015 . 

20,829 

Normal 

. Nonnal 

Lognonnai 

Noimal 

Normal 

LoftnOtTTUl 

Lognomul 

Nomiat 

Nonnal 

Nomiai 

Nomu l 

Lognomul 

Nomu l 

Nomiai 

N o m i l 

Nomu l 

Nomul 

Lognomial 

Lognomul 

LogiKmnal 

Lognomul 

Lognomul 

Nonnal 

95% UCLo f 

Arilh. Mean'. 

28,266 

21 

210 

2.2 

31.739 

1.9 

39 

41.763 

65 

5.018 

663 

0.061 

17 

2J78 

245 

60 

. 106 

0.097 

018 

0.0046 

0.14 

0.027 

64.984 

Exposure 

Point 

Concenlralion' 

28,266 

21 

210 

2.2 

31,739 

1.9 

39 

41,763 

65 

5,018 

663 

0.061 

17 

2,378 

245 

60 

106 

0.097 

0.18 

0.0046 

014 

0.027 

64,984 

2xBIC 

Mean' 

20,277 

15 

124 

082 

4.960 

14 

13 

37,560 

34 

1,189 

1.730 

0.055 

9 4 

680 

501 

76 

36 

.. 
--
-• 
.-
--

Background 

Compansoir 

tCEB) 

(CEBIANOVA) 

ICEB] 

ICEB) 

(CEB) 

Ibk) 

(CEB) 

ICEB) 

ICEB) 

ICEB) 

Ibk) 

ICEB) 

ICEB) 

ICEB) 

Ibk) 

Ibk) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

(CEB) 

ICEB) 

ICEB) 

' For lhe Troportion o f Detects - AB Stmptes" cohimn, counts were based on the unaveraged data K t 

* For the "Proportion o f Detects - Temporal and Spatial Samples' and the "Frequency o f Detection" cohimns, counis were based on the averaged data set (e.g, groundwater samples from the same wcD were avenged). 

'CRL - contract reporting limit. 

'Nondetects were treated as era-half the detection limil in the catciitation ofthe site and background (BK) anthmetic means, standard deviation, atvl 95% upper confidence limii (UCL). 

* Distribultons for Ihe calculation ofexposure potnl conccnmiions (EPCs): I ) Iffewer than 4 samples are available in Ihe site data set, "Undctenninod" is Mic i ted and the 95%UCL is calcutated based on a lognormal distribulioa 2) If the norma) 

goodness-o^fh test coeflicient b greater dun Ihe critical vahie. the distiibution b norma). 3) I f ihe bgnomul goodness-of-flt lest coefficient b peater than Ihe critical value, the distribution b lognormal, 4) Ifneither ofihe goodness-of-fil 

tesl coefficients b gnester than Ihe critical value, the dbtrftutton b assumed to be bgnonnaL 

' The EPC B dw 93% UCL ofthe arithmetic mean widi 2 exccpikms: I f lhe 9S% UCL exceeds the maximum detecied vahie (denoted by a " * " nexl to lhe EPC) or lhe site dala sel contains fewer Ihan 4 samples, Ihe maximum detected vahie ts subslNuted as the EPC. 

' C E B (chemical exceeding background) - the maxtmum detected irsull b peater than or equal to two limes lhe background mean; bk (background) - the nuximum detected resull b less Ihan two limes the background mean; ANOVA - anal>sb o f variance 

determines Ihsl the sit« and background data sets come fiom (he seme popubtioa 

- - Nol appticable (note: background comparison nol conducted for organic compounds) 
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Table 4-63. Summary Slallitlci and Exposure Point Concentrations for Soil (l-IO ft BLS) at Study Area B6 - Building 6 - Coite Oven 

Alabama Army Ammunillon Plant, Childersburg, Aiabama 

Run Time: 6:39:2 I P M 

Run Date: 3/29/99 

Ei iposurcUni l :B6_SSI 

Parameter UniU 

Proportnn ofDeiecls 

An Samples' 

Proportion ofDetects 

Temporal A Spatial 

Sampte^ 

FrequetKy NonDctects Detects 

OfDeteclion^ MinCRL* MaxCRL' Minimum Maxtmum 

Anthmetic 

Mean' 

Slandard 

Deviation' Distiibulton* 

95% UCL of 

Ar i th Mean' 

Exposure 

Point 

Concenlralion' 

2 x n K 

Mean' 

Background 

Comparisoi^ 

Ahiminum 

Arsenic 

Barium 

Bcryiium 

Calcium 

Copper 

Iron 

Lcad 

Masnesmm 

Manganese 

Mercury 

Molybdenum 

NickH 

Potassum 

Sodiom 

Vanadium 

Zinc 

Acetone 

Methylenechloride 

Tohiene 

Total Orsantc Caibon 

pg/g 

pg'g 

pg'g 

f t / t 
f t / l 
f t / l 
f t / l 
pg'g 

pg'g 

PC'S 

p f g 

f S / t 

ME/g 

pg/g 

MS'g 
pg'g 

pg'g 

f t / l 

pg/g 

f t / l 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

50% 

100% 

100% 

100% 

100% 

100% 

50% 

100% 

50% 

100% 
O0025 0.0025 

25,000 

22 

49 

081 

1,270 

21 

55,000 

122 

569 

380 

0 1 6 

7.0 

15 

535 

71 

82 

178 

051 

0.0043 

0.0023 

5.390 

31.000 

46 

59 

0.94 

2,240 

24 

57,000 

188 

840 

710 

019 

7.0 

17 

1,080 

8 t 

88 

226 

051 

0.0046 

0.0023 

9.000 

Undetermined 

Undetermined 

Undeteimined 

Undetermined 

Unddermined 

Undetermined 

Undetermined 

' Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undelermined 

Undetermined 

Undetermined 

Undelermincd 

Undelermined 

Undetermined 

Undetermined 

Undeteimined 

31.000 

46 

59 

094 

2,240 

24 

57,000 

188 

840 

710 

OI9 

7.0 

17 

1.080 

226 

051 

O0046 

O0023 

9.000 

27,733 

42 

64 

0 8 0 

2.475 

26 

52.000 

14 

1.399 

682 

012 

21 

1.324 

96 

71 

ICEB) 

ICEB) 

Ibk) 

ICEB) 

Ibk) 

|bk) 

ICEB) 

ICEB) 

Ibk) 

ICEB) 

ICEB) 

ICEB) 

Ibk) 

Ibk) 

ICEB) 

ibk) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

* For the "Proportion ofDetects - AQ Samples" column, counis were based on die unaveraged tlaia set 

^ For Ihe "Proponion of Detects - Temporal and Spatial Samples" and d c "Fiequency of Detection" columns, counts were based on the avenged data set (e.g. groundwater samples from lhe same weO were averaged). 

*CRL • ctmtract reporting limit. 

' Nondetects were mated as one*half lhe detection limit in Ihe calculation o f die site and batkipuuial (BK) arilhmetic means, slandard devialion. and 95% upper conHdenoe Kmit (UCL). 

* Dismlniilora Ibr die cakulation o f exposure pomi concentntions (EPCs): 1) Iffewer than 4 samples are available hi die site dala set. "Mndeteimined" is mdicaled and the 95%UCL is calculaled based on a lognotmal dislribulion. 2) I f lhe noimal 

goodness-of-fil lest coefficiem is peater than Ihe critical vahic, die dbtribulion is normal. 3) I fdie lognormal goodness-of-fil lest coeflicient b peater Ihan die criiical vahie. the dbtribution b kignormal. 4) Ifneither ofthe goodness-of-lil 

lesl coefllclciits b peater dian die critical value, die distribution b assimied to be bgnonruL 

' The EPC B the 95% UCLof die aridimetic mean widi 2 exceptions: i fdie 95% UCLeueetb the maximum detecied value (denoted by a "9" next lo the' EPC) or Ihe site data set contains fewer than 4 samples, die maximum detecied value b subslituted as the EPC. 

' C E B (chemical exceedmg background) - die maximum detected lesuh b peater dian or equal to Iwo limes Ihe background mean: bk (background) - die maximum detected result b less don two times Ihc background mean; ANOVA - analysb o f variance 

determines dial die she and background data sets come fiom die same population 

- - Not applicable (note: background cximparison not conducled for organic compounds) 
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Table 4-64. Summary Statistics and Exposure Point Concentrations for Soli (>I0 ft BLS) al Study Area B6 - Building 6 - Coke Oven 
Alabama Army Ammunilion Plant, Childersburg, Aiabama 

RunTime: 6:39:21PM 

Run Date: 3/29/99 

Exposure Unil: B6_SS1 

Paiameter 

Ahiminum 

Anenic 

Barium 

Beryllium 

Calcium 

Coball 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercuiy 

Nickel 

Poiassium 

Vanadium 

Zmc 

Acetone 

Methylene Chloride 

Tohiene 

Proportion o f Detects 

An Samples' 

Unils 

pg'g 3 / 3 

pg'g 3 / 3 

f t l l i l i 

P8/g 3 / 3 

pg/g . 3 / 3 

pg/g 2 / 3 

pg'g 3 / 3 

pg'g 3 / 3 

Mg'g 3 / 3 

f t / l i l i 

f i l l i l i 

l l l l l i l i 

f t / l l l i 

f i l l i l i 

f i l l 2 / 3 

pg'g 3 / 3 

pg/g 3 / 3 

MVll 2 / 3 

pg'g 1 / 3 

f t l l t l i 

Proportnn ofDetects 

Tempora l * Spatial 

Samples' 

1 / 3 

1 / 3 

Frequency 

o f Detection' 

100% 

100% 

100% 

100% 

100% 

67% 

100% 

100% 

100% 

100% 

100% 

100% 

33% 

100% 

67% 

100% 

100% 

67% 

33% 

33% 

NonDetects 

MinCRL* 

.. 

--

2.5 

-. 
--

.. 
4.0 

• -
142 

.-
--

0.039 

0.0062 

O0025 

MaxCRL' 

.. 

2.5 

-. 
-• 
--

--
4.0 

--
142 

-. 

0.039 

0.0062 

O0025 

Exposure 

Detects Arithmetic Standard 95% UCLof Poinl 

Minimum 

7,900 

35 

29 

0.57 

733 

I I 

15 

52,000 

67 

319 

191 

O.ll 

6.4 

32 

450 

52 

97 

1.2 

0.0047 

O0036 

Maibnum Mean' Devialion' Disnibution' Ar i lh 

31,000 

55 

105 

3.4 

1,680 

148 

26 

67,000 

703 

1,020 

3,000 

0 3 0 

6.4 

120 

524 

89 

412 

2.2 

O0047 

00036 

Undetermined 

* - Undetermined 

Undetermmed 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undeteimined 

Undctetmined 

* - Undetermined 

Undelermincd 

Imdelcrmincd 

Undetermined 

Undetcnnined 

Undeteimined 

Undetcimined 

Undeteimhied 

Undeiennined 

Mean' Concennalion' 

31,000 

55 

105 

3.4 

1,680 

148 

26 

67,000 

703 

1,020 

3,000 

O.JO 

6.4 

120 

524 

89 

412 

2.2 

O0047 

0.0036 

2 x B K 

Mean' 

27.567 

52 

41 

0.89 

257 

58 

56 

57,000 

32 

867 

1,331 

0 3 6 

46 

1,206 

92 

104 

• -

Background 

ComparbonF 

ICEB) 

ICEB) 

ICEBl 

ICEB] 

ICEB) 

ICEB) 

Ibkl 

ICEBl 

(CEB) 

(CEB) 

ICEB) 

Ibk) 

(CEB) 

ICEB) 

Ibk) 

IbV) 

ICEB) 

(CEB) 

(CEB) 

(CEB) 

' For Ihe "Proponkm of Detects - AD Samples" cohmtn, counts were based on [he unaveraged data set 

^ For the Tropoilnn of Detecu • Temporal and Spalial Samples" and Ihe Trequency of Detectbn" cohimns, coums were based on OK avenged daia set (e.g, groundwater samples fiom the SWK WCQ were averaged). 

*CRL - contrad reporting limil. 

'Nondetects were treated as one-half lhe detection limit in lhe calculation ofihe stte and background (BK) arithmetic means, standard deviation, and 95% upper confidence limil (UCL). 

* Dboibuifains for the calculation ofexposure poim eoncenirations (EPCs): I) Iffewer than 4 samples are available in the site daU set. 'Undetermined" b indicated and the 95%UCL b calculated based on a bgnormal dbtributioa 2) Ifthe normal 

goodness-of-fil lest coefficieni b greater than Ihe critical vatue. OK dbndiution b normaL 3) If dw bgnormal goodness-of-fii test coeffictenl b peater dan ihe critical vahie, lhe dbtn'bulion b bgnormal. 4) Ifneilher ofihe gobdncss-of fil ' 

lesl coefficients b greater than the critical value, lhe distiibulbn b assumed to be bgnormaL 

'The GPC b the 95% UCL ofihe arithmetic mean with 2 exceptions: If die 95% UCLexceeds tic maximum detected value (denoted by a 'H' nexl to the EPC) or ihe site dau set conUtns fewer than 4 samples, dte maximum detected value b sutKiiuied as the EPC. 

'CEB (chemical exceeding background) - the maximum detecied resuh b grealer ihan or equal lo two times the background mean; bk (background) - the maximum detected resull b less than Iwo IIITKS Ihe background mean; ANOVA • analysb of variance 

determines diat die site and background dau sets come flnm (he same populaiioa 

- - Not applicable (note: background comparbon not conducted for organic compouiKb) 
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Results of Field Investigations 
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Results of Field Investigations 

contaminant group CEBs (metals, SVOCs, VOCs, and explosives) were detected in Coke Oven 
soils. Figure 4-36 presents screening results for surface and subsurface soils at the Coke Oven. 

Metals—Thirteen metals were detected at 
concentrations exceedmg background in surface 
soil samples collected from the vicinity of the 
Coke Oven. The metals and their maximum 
concentrations are listed in the adjacent box. 

The distribution of metals in surface soils 
at the Coke Oven was irregular, and the 
maximum concentrations for specific metals were 
detected at many different sample locations. For 
example, the highest concentrations of aluminum, 
arsenic, iron, and zinc were detected in surface 
soil sample SS-B6-002, located at the northem 
end of the study area. In contrast, the lowest 
concentrations of both beryllium and barium were 
detected in SS-B6-002. The highest concen
trations of beryllium were reported in SS-B6-003 
(2.7 ng/g) and adjacent sample SS-B6-008 
(2.59 ng/g). The highest concentration of barium 

was reported in sample SS-B6-004. A comparable concentration of barium (210 ng/g), as well as 
the highest concentrations of copper and nickel, were reported in samples from location SS-B6-007. 
The highest concentrations of lead and mercury were reported in the surface soil sample collected at 
SS-B6-005. 

Maximum Concentrations* 1 

Analvte (ug/g) 
Aluminum 
Arsenic 
Barium 
Beryilium 
Calcium 
Cobalt 
Copper 
Iron 
Lead 
Maqnesium 

Manqanese 
Mercurv 
Molybdenum 
Nickel 
Potassium 
Sodium 
Zinc 

0-«1ft 
34.000 
28.8 

211 
2.7 

47.000 

57 
54.000 

84.4 

8,500 

0.111 

22.6 
3.320 

132 

i-iofr 
31,000 

46 

0.942 

57,000 
188 

710 
0.185 
6.96 

87.6 
226 

>iofr 
31,000 

55 
105 
3.39 
1,680 
148 

67,000 
703 

1,020 
3,000 

6.44 
120 

412 

* Metals also determined to exceed background based on ANOVA 
evaluation are shown in bold. 

" ANOVA evaluation was not conducted because there are fewer 
than four samples in the data set. 

Ten metals (aluminum, arsenic, beryllium, iron, lead, manganese, mercury, molybdenum, 
sodium, and zinc) were detected at concentrations greater than background in the shallow subsurface 
soils. The maximum concentrations of aluminum, mercury, sodium, and zinc were detected in sample 
SB-B6-056 collected at 1 foot BLS. The maximum concentrations of arsenic, beryllium, iron, lead, 
manganese, and molybdenum were detected in sample SB-B6-055 at 1 foot BLS. 

Thirteen metals (aluminum, arsenic, barium, beryllium, calcium, cobalt, iron, lead, 
magnesium, manganese, molybdenum, nickel, and zinc) were detected in the deep subsurface soils 
at concentrations that exceeded background. The maximum concentrations of aluminum, iron, 
nickel, and molybdenum were detected in sample SB-B6-056, at a depth of 15 feet BLS. The 
maximum concentrations of aluminum were the same in both the shallow and deep subsurface soils 
at soil boring location SB-B6-056. The maximum concentrations of barium, beryllium, calcium, 
cobalt, lead, magnesium, and manganese also were detected in sample SB-B6-056, but at a depth of 
25 feet BLS. The maximum concentrations of arsenic and zinc were detected in sample SB-B6-055 
at a depth of 25 feet BLS. 
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Results of Field Investigations 
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Results of Field Investigations 

) 

The concentrations of cobalt (148 ^g/g), nickel (120 ng/g), and lead (703 ng/g) detected in 
deep subsurface soils collected from SB-B6-056 were the highest detected throughout Area B at 
that depth. The highest detected zinc concentration (412 ng/g) throughout Area B ia deep 
subsurface soil was detected in SB-B6-055. 

Explostyes—Explosives were not detected in the surface soil samples collected for field 
screening: Explosives were present in the subsurface screening samples at concentrations less than 
5 ng/g. One nontarget explosive compound, HMX, was detected in a surface soil sample 
(SS-B6-008) at a concentration of 0.518 ng/g. Because there is no known history of HMX 
production or use at ALAAP, the source ofthe HMX detected at the Coke Oven is unknown. 

VOCs—Three VOCs were detected in soil 
samples collected from the vicinity of the Coke 
Oven. The VOCs and their maximum 
concentrations are listed in the adjacent box. 
Concentrations of methylene chloride detected in 
Coke Oven soils were near or below the detection 
limit of 0.006 ng/g. Acetone was detected at both soil boring locations. The concentrations of 
acetone in boring SB-B6-056 were greatest at 15 feet BLS (2.2 ng/g), but diminished considerably 
at 25 feet BLS (0.039 ng/g). Acetone was detected at a concentration of 1.2 ng/g at SB-B6-055 in 
the sample collected at 25 feet BLS, but was not detected at a depth of 1 foot BLS. Concentrations 
of toluene reported in samples collected at the Coke Oven were near or below the detection limits. 
Consequently, these concentrations are not indicative of significant VOC contamination in the 
surface and subsurface soils. 

Maximum Concentrations { 

Analyte (iig/g) 
Acetone 
Methylenechloride 
Toluene 

O^ift 

0.0068 
0.053 

1-10fl 
0.51 

0.0046 
0.0023 • 

>10ll 
2.2 

0.0047 
0.0036 

Maximum Concentrations | 
Analyte (pg/g) 

Benzo(a\anthraoe\e 
Phenanthrene 

Klf t 
0.13 
0.22 

l-IOft >10ft 

SVOCs—Two SVOCs were detected m 
surface soil samples collected in the vicinity of 
the Coke Oven. The SVOCs and their maximum 
concentrations are listed in the adjacent box. The 
two SVOCs were detected at concentrations less 
than or equal to 0.22 ng/g in only one surface soil sampling location (SS-B6-010). SVOCs were 
not detected in subsurface samples collected at the study area. 

Summary—The most notable result of environmental sampling conducted at the Coke 
Oven was the occurrence of a large number of metals in surface soils (aluminum, arsenic, barium, 
beryllium, calciimi, copper, iron, lead, magnesium, manganese, mercury, nickel, potassiimi, and 
zinc). This wide distribution tends to indicate that past site activities have released metals over 
much of the surface area associated with the site. The Coke Oven is located within Study Area 2 
and each ofthese metals also was a CEB at that study area. 

SVOCs were detected in Coke Oven soils at concentrations less than or equal to 0.22 n&'g-
Acetone was detected in subsurface soils from both the Coke Oven (2.2 ng/g) and in Study Area 2 
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Results of Field Investigations 

c (1.1 ng/g)- Other VOCs were detected at concenfrations that are not indicative of significant VOC 
contamination. One nontarget explosive compound, HMX, was detected in the surface soil at the 
Coke Oven. There is no known source of HMX at ALAAP. 

4.5.18 Downed Utility Poles with Transtormers and Transformer Storage Buildings 

According to the CERFA Report (TETC 1994), transformers were likely stored behind 
Building 2240 (an instrument shop) at one time. No evidence of sfressed vegetation was noted 
during the site inspection. The CERFA Report also stated that a leaking transfomier was stored in 
Building 2180, part ofthe Manhattan Project Area, and was removed in 1987. When demolition 
activities began in Area A (circa 1973-1974), the contractor stored transformers removed from 
Area A in Building 2180. When the transformers were removed, contractor cleanup activities 
consisted of throwing absorbent on any liquids present. In addition, old transformers that were 
stored behind Building 708A (a cafeteria) were vandalized. 

Numerous former transformer sites within Area B were ideiitLfied during the CERFA 
investigation. During the CERFA visual inspection, 27 utility poles were identified (TETC 1994). 
The soil under and around a broken transformer ofa downed utility pole was blackened and bare of 
vegetation. The locations of the 27 utility poles were assigned numbers corresponding to the 
closest building: 

708A-Three utility poles on north side f 
703E-Two utility poles on northwest portion 
703 A-Two utility poles on the southwest and one on the southeast portion 
2240-Eight utility poles on south side 
2170-One utility pole on the southeast and two on the south side 
704Y-Three utility poles on the north side 
717A-Two utility poles on the northeast and one on the southwest 
715C-0ne utility pole on the southeast 
227D-One utility pole on the north. 

' • 

Surface and subsurface soils from each of the 27 utility pole areas and 2 transformer 
buildings were analyzed for PCBs, starting in visually stained areas and working out from those 
areas. PCB concentrations were estimated using the DTECH field screening method 
(SW846 Method 4020). Ninety-five surface soil samples were collected and screened in the field 
for PCBs. Ten percent ofthe screened samples (a total of nine surface soil samples) were sent to 
the offsite laboratory for confirmation. Subsurface soils from each of the six sampled intervals 
from a soil boring (SB-PO-057) were analyzed for PGB contamination using the field test kits. The 
surface and bottom intervals were sent to the laboratory for confirmatory analysis. 

The DTECH PCB field screening kit yields results over a range (e.g., 1 to 4 parts per 
million [ppm]) of concentrations. A detection limit of 1 ppm was achieved with the test kit: Only f 
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Results of Field Investigations 

seven samples of the 95 total surface samples analyzed had values greater than the detection limit 
(1 ppm), and are presented in Table 4-65. The results ofthe PCB field sampling analyses and the 
locations ofthe sampling points are shown in Figures 4-37 through 4-39. All results were less than 
the screening criteria of 50 ppm.. Subsurface soi! results from the one soil boring were all less than 
the detection limit for the six intervals sampled to delineate vertical PCB contamination. 

Based on the results ofthe PCB field screening, soil sampling locations were established in 
the vicinity of the utility poles and former fransformer storage areas. Confirmatory samples 
collected for the utility poles were placed at the locations where the field screening results were 
positive for PCBs. Surface soil samples were collected from nine locations and were analyzed for 
PCBs. hi addition, one soil boring, SB-PO-057, was drilled and sampled at a location south of 
Building 717A to aid in the delineation of potential PCB contamination. A shallow subsurface 
sample (1 foot BLS) and a deep subsurface sample (25 feet BLS) were collected from SB-PO-057 
and analyzed for metals and PCBs. 

Appendix K. presents data summary tables for soils at the utility poles and former 
transformer storage buildings. Tables 4-66 through 4-68 present summary statistics for soils. 
Figures 4^0 through 4-42 show the locations where the general contaminant group CEBs 
(metals and PCBs) were detected in soils. An empty circle at 0 - <1 ft BLS indicates a sample was 
not collected in that interval. 

Metals—Subsurface samples collected 
from the soil boring drilled at Building 715C 
(SB-PO-057) were analyzed for metals. Eleven 
metals were detected at concentrations exceeding 
background in the subsurface soil samples. The 
detected metals and their maximum 
concentrations are listed in the adjacent box. Of 
these 11 metals, the maximum concentrations of 
aluminum, chromium, copper, lead, and zinc in 
the shallow subsurface sample SB-PO-057 
(1 foot BLS) exceeded background. The 
maximum concentrations of barium, beryllium, 
cadmium, calcium, magnesium, and manganese 
in the deep subsurface sample SB-PO-057 

Maximum Concentrations* I 

Analyte (ug/q) 
Aluminum 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Copper 
Lead 
Magnesium 
Manqanese 
Znc 

O^lft l-IOft" 
28,000 

196 
37.9 
37.0 

126 

>10ft" 

166 
3.94 
0.938 
1,110 

1.090 
12,000 

* Metals also determined to exceed bacicground based on ANOVA 
evaluation are shown in bold. 

** ANOVA evaluation was not conducted because there are fewer 
than four samples in the data set. 

(25 feet BLS) were greater than background. No frend for the vertical distribution of metals could 
be determined from analytical results obtained from the soil boring. 

) 
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Results of Field Investigations 

Table 4-65. Siunmary of SoO Screening Data - PCB - Surface SoU and SoO Boring 
Alabama Army Anunmiition Plant, CbiUersbnrg, Alabama 

Study Area Nnmber of Samples Mfaitmam Mazimam 
Itiiage: 

iUiiils;. Nnmber of Detects 

PO Downed Utility Poles with Tiansfoimers 101 < 1 16-25 ppm 

c 
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Results of Field Investigations 

samples. 
Explostyes—Explosives compounds were not detected in the background surface water 

VOCs—Acetone (30 ^g/L), methylene chloride (2.6 |ig/L), anid toluene (1.1 pg/L) were 
variably detected in the background surface water samples. Acetone and methylene chloride each 
were detected in only one sample, while toluene was detected in two samples, both at 
concentrations of 1.1 |ag/L. 

SVOCs—SVOCs were not detected in the background surface water samples. 

Summary—Surface water samples that were collected jfrom .Hve background locations 
(BK-BW-002, SW-BK-SAIC, SW-FC-025, SW-FC-026, and SW-FC-027) were obtained from 
streams that are located north and south of the facility with ultimate drainage to the Coosa River. 
Aluniinum, antimony, arsenic, barium, iron, manganese, and seleniurn and.the nutrient metals 
calcium, magnesium, potassium, and sodium were detected in the background surface water. 
Acetone, methylene chloride, and toluene were variably detected in four ofthe background surface 
water samples (SW-FC-025, BW-BK-002, SW-BK-SAIC, and BW-BK-002). Explosives and 
SVOCs were not detected in any ofthe backgroimd surface water samples. 

4.6.2 Study Area 9-Aniline Sludge Basin 

During Phase 1 of the Supplemental RI, one surface water sample (SW-09-028) was 
collected from the Aniline Sludge Basin and analyzed for metals, explosives, VOCs, and SVOCs. 
Figure 4-46 shows the sampling location and the general contaminant group CEBs that were 
detected. Table 4-76 presents the summary statistics for the detected constituents in the surface 
water at Study Area 9. 

Metals—Five metals exceeded background in 
the Study Area 9 surface water sample, as shown in the 
adjacent box. Concentrations of nutrient inorganic 
constituents, including calcium and potassium, were 
detected above background in the pond sample. In 
addition, copper, iron, and lead were detected above 
backgroimd. The detected concentrations in the Study 
Area 9 surface water sample are presented in the 
adjacent box. 

Maximum Concentrations" | 
Analyte 

Calcium 
Copper 
Iran 
Lead 
Potassium 

Pflrt. 
81,400 

13.6 
1,570 
2.97 

3,870 

** ANOVA evaluation not conducted because there are fewer 
than iour samples in tlie data set. 

Explosives—Explosives were not detected in the surface Avater sample collected at 
Study Area 9. 

VOCs—Toluene (0.6 ng/L) was the only VOC that was detected in the surface water 
sample. The detected concentration only slightly exceeded the CRL (0.5 jig/L). 
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Results of Field Investigations 

^r'-^ was detected at Study Areas 10 (Tetryl Manufacturing Area), 20 (Rifle Powder Finishing Area), 
and 25 (Storage Battery/Demolition Debris). 

PCBs were detected in the soils around transformers located within Study Area 2 
(Smokeless Powder Facility). The density of the screening samples and the high correlation 
between the screening and PCB confirmatory results indicates that a very limited area of 
contaminated surface soil exists aroimd the transformers. 

One pesticide, heptachlor, was detected at Study Area 3 (Sanitary Landfill and Lead 
Facility). It was detected in one subsurface sample at a depth of 1 foot BLS and a concentration of 
0.0919 |ig/g. A duplicate sample collected at the same location did not contain heptachlor. The 
deeper samples collected at the location also were firee of pesticides. Pesticides or PCBs were not 
detected near the Fertilizer and Pesticide Storage Building. 

4.6 SURFACE WATER QUALITY ASSESSMENT 

The chemical quality of surface water on and around ALAAP was assessed through 
quantitative sainpling and analysis of water fi-om the Red Water Ditch (Study Area 21), the 
Crossover Ditch (Study Area 26), the Beaver Pond Drainage System (Study Area 27), Fanning 
Creek, and Talladega Creek. In addition, limited sampling was conducted in Study Area 9 

^̂ ^̂ ^ . (Aniline Sludge Basin) and in Study Area 16 (Flashing Ground). Because of the high water 
' 1 discharge associated with the Coosa River, limited surface water sampling was conducted directly 

fi"om the river. Surface streams discharging directly into the Coosa River fi'om ALAAP were 
sampled at their confluence with the river. 

4.6.1 Background Surface Water Quality 

Surface water samples fi-om five background locations (BK-BW-002, SW-BK-SAIC, 
SW-FC-025, SW-FC-026, and SW-FC-027) were obtained from streams that are located north and 
south of the facility with ultimate drainage to the Coosa River (Figure 4-45). The samples were 
analyzed for metals, explosives; VOCs, and SVOCs. Summary statistics for the background 
surface water samples from four locations on Fanning Creek (SW-FC-025, SW-FC-026, 
SW-FC-027, BW-BK-002) and one location on Talladega Creek (SW-BK-SAIC) are shown in 
Table 4-75. 

Metals—^Aluminum (114 to 386 ^g/L), antimony (1.54 to 4.6 ^g/L), arsenic (1.55 ^g/L), 
barium (21.4 to 53.6 pig/L), iron (221 to 446 ng/L), manganese (66.4 to 452 jig/L), and selenium 
(1.33 ng/L) were detected in the background surface water. Concentrations of essential nutrient 
metals that were detected in the background samples included calciimi (19,600 to 43,200 |jg/L), 
magnesium (5,560 to 14,300 ng/L), potassium (742 to 1,460 ng/L), and sodium (1,550 to 
11,500 ng/L). 
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Results of Field Investigations 

Supplemental Rl and were subsequently excavated and treated by onsite incineration. Other /-—̂ ^ 
explosives were present in soils at relatively low concentrations. There were no target explosives 
detected in laboratory confirmatory samples in the soils at Study Area 4 (Manhattan Project Area), 
the eastem portion of Study Area 10 (Tetryl Manufacturing Area), Study Area 19 (Lead Facility), 
and Study Area 25 (Storage Battery/Demolition Debris). One nontarget explosive compound 
(HMX) was detected in the subsurface soil in the eastem pprtion of Study Area 10 and in the 
subsurface soil at Study Area 8 (Acid/Organic Manufacturing Area). Vae maximum concentration 
of HMX detected in the subsurface soils at ALAAP was 0.551 ng/}5- There is no historical 
information that HMX was manufactured or handled during the production years at ALAAP. 
Results from screening samples indicated that either explosives were not present or thai: they were 
present at very lovy concentrations (less than 5 ng/g) in surface and subsurface soils at the CERFA 
sites. 

VOCs were detected in either surface or subsurface soils at all study areas and the Coke 
Oven. Eight VOCs were detected in soils sampled from the study areas; one additional VOC 
(chlorobenzene) was detected in the soils collected from the background locations. Many VOC 
detections were at concentrations near or below the CRL. Acetone concentrations detected before 
June 19, 1995, are believed to be related to field laboratory contamination. Soils sampled from 
13 study areas and the Coke Oven contained acetone concentrations greater than 0.1 ng/g- The 
highest concentrations of acetone were detected in the 1- to 10-foot BLS soil interval in most cases 
(except for Study Areas 8, 25, and the Coke Oven). In these subsurface soil samples, acetone was y—^ 
either not detected or was detected at concentrations near the CRL in the corresponding surface 
soils. The deep subsurface soils generally contamed much lower, but detectable, concentrations 
than soils sampled from the 1- to 10-foot interval. Soils sampled at the Coke Oven contamed some 
of the highest concentrations of acetone (2.2 ng/g) in the greater than 10-foot BLS soil mterval. 
Toluene was detected in soils sampled from every study area and at the Coke Oven. Toluene was 
detected in both surface and subsurface soils and is most likely related to site activities during the 
active period ofthe installation. There is no clear distribution pattern with respect to the migration 
of toluene through the soils. However, toluene was detected in nearly half of the samples collected 
from the shallow subsurface, and also frequently detected in the surface jmd deep subsurface soils. 

Twenty-five SVOCs, 17 of which are PAHs, were detected ui the soils at Area B of 
ALAAP. Several SVOCs were detected at Study Areas 2 (Smokeless Powder Facility), 3 (Sanitary 
Landfill and Lead Facility), 4 (Manhattan Project Area), 6 (Southem Tl^T Manufacturing Area), 8 
(Acid/Organic Manufacturing Area), 16 (Flashing Ground), and 22 (Demolition Landfill). SVOC 
concentrations were the highest at Study Area 22, and may be related to the placement of 
demolition debris from the buming ofall buildings onsite. The Demolition Landfill also may have 
received chemicals from the materials testing laboratories or those tised in the manufacture of 
explosives, acids, or organics. Twelve SVOCs were detected at one UST located within Study 
Area 2 (Smokeless Powder Facility), with all concentrations less thani 2 ng/g- SVOCs were not 
detected in soils sampled from Study Areas 7 (Northem TNT Manufacturing Area), 17 ^-^.^ 
(Propellant Shipping Area), 18 (Blending Tower Area), and 19 (Lead Facility). Only one SVOC 
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Table 4-74. Chemicals Exceeding Background in Soil (continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Chemicals* 

SVOCs 

2-me(hylnaphthalene 

"f-Methylphenol 
Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 
Benzo(a)pyrene 

benzo(b)fluoranthene 
benzo(g,h,i)perylene 

Benzo(k)f1uoranthene 

Benzoic Acid 
Bis(2-ethyl) phthalate 
Chrysene 

di-n-butyl-phlhalale 

Dibenzo(a,h)anthracene 
Dibenzofuran 

Diethyl phthalate 

Fluoranthene 
Fluorene 

lndeno( 1,2,3-cd)pyrene 

N-nitrosodiphenylamine 

Nathphalene 
Phenanthrene 
Phenol 

Pyrene 

Study Area 

2 3 4 6 7 8 S T ' lOE lOW 16 17 18 19 20 22 25 BK 

1 

1 
1 

1 

1,2 
1,2 

1,2 

1,2 
1 

i;2 

1 
1 

1,2 
1 

1,2 

1 

1,2 

1,2 

1 

1,2 
1 
1 

1 
1 

2 
1 

1 

1 

1,2 

1 

-

2 

1,2 

1,2 

1,2 
1 
1 

1,2 

1,2 

1 

1,2 

1 

2 

2 

2 

2 
2 

3 

2 

2 

2 

2 

1 

1 
1 
1 

1,2 
1,2 

1,2 
1 

1 
1 
1 

1,2 

1 
1 

1,2 
1 

1,2 
1 
1 

1,2 

1.2 

2,3 

1 

1 

1 

1 

1,2 
1,2 

1,2 
1 

1,2 

1,2 

1,2 
1 
1 

3 

1,2 
1 
1 

I 

1 

1,2 

1 

1 

2 

2 

T 

2 
. 2 

2 

2 
2 

2 

2 
2 

2 
2 

2 

2 

2 

2 

1 

1 

CERFA 

Coke Utility USTs and Pesticide 

Oven Poles Gas Stalion Storage 

1 

1 

N/A 

2 
2 

2 

2 
2 

2 • 

2 

2 

2 

2 

2 

2 

N/A 

• Values in table are depths where ehcmieal cxccedRl background 1=0-1 fl; 2=l-10n: 3 - >10fl b Metals that were preseni in background soils c N/A = Nol Applicable d8T = Study Area 8 Test Pils 

> 
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Table 4-74. Chemicals Exceeding Background in Soil (continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Chemicals' 

Explosives 

1,3,5-Trinitrobenzene 
1,3-Dinitrobenzene 
2,4,6-Trinitrotoluene 
2,4-Dinitrotdluene 
2,6-DinitrDtbluene 
2-Aniino-4,6-dinitrotoluene 
4-Aniino-2,6-dinitrotoluene 
HMX 
Nitrobenzene 
Tetryl -

VOCs 

Acetone 
Benzenc 
Chlorobenzene 
Chloruelliane 
Ethylbenzene 
Methylene chloride 
Methylethyl ketone 
Styrene 
• Oiucne 

PCB/Peslicides 

Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
Heotachlor 

2 

1 

1,2,3 
2 

2 

• 2,3 

1 

3 

1 

1,2,3 

1,2,3 
3 

1 2 3 

2 

4 

2,3 • 

„ 

3 

2,3 

6 

3 

1,2,3 
3 
1 
1 

1 
1,2 

2,3 

3 

•> 1 

7 

1,2 

1,2,3 
1 
1 

1 
1 

2 . 

2 

2 

8 

2 
1,2,3 

2 

1 

2,3 
2,3 

1 
1 1 1 

S f 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Study Area 

lOE low 

3 

2,3 . 

3 

7 1 

2 

• 2 

1 
1 

1,2 

16 

2 

2 
2 
2 
2 
2 

2 

2,3 

2 

1,2 

1.2.3 

17 

1.3 

3 

3 

1.2.3 

18 

1 

2,3 

1.2 

19 

2 

1 

1.2.3 

20 

1,2,3 

2,3 

1.2 

22 

2 
2 

1 

1.2 

1,2,3 

2S 

1 

2.3 

1,2 

BK 

1 

1,2,3 
1 
1 

1,2,3 

Coke 

Oven 

1,2,3 

1,2,3 

1,2,3 

N/A 

Utility 

Poles 

N/A 

N/A 

1 
1 

1,2 

CERFA 
USTs and 

Gas Station 

N/A 

N/A 

Pesticide 

Slorage 

N/A 

N/A 

So 

i 
5<5 

3 3 3 
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Table 4-74. Chemicals Exceeding Background in Soil 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Chemicals' 

Inorganics 

Aluminuni 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Coball 
Copper ' 
Iron " " 
Lead 
Magnesium 
Manganese 
Mercury . 
Molybdenum ' 
Nickel 
Nitrate 
Potassium 
Phosphate 
Selenium 
Silver 
Sodium 
Thai ium 
Vanadium 
Zinc 

2 

1,2,3 

1 
1,2,3 
1,2,3 

1,2,3 
1 
2 
1 

1,2,3 
1,2,3 
1.2,3 
1.2,3 
1,2 

1 

1,2 

1,2,3 
3 
1 
1 

3 

1 

1 
1 

1,2,3 

1,2,3 
2 
1,2 
1 

1,2,3 
1,2 
1 
2 
1,2 

1 

1 

2,3 

1 
2 

4 

1 

1,2,3 

1,3 

1,2,3. 

2 
1 

1,2,3 
1 

1,2 

1 

1 

1,3 

1 

6 

3 
• 3 

3 

2 

3 
1,2,3 
2,3 

2,3 

3 

3 

7 

2,3 

2,3 
2,3 

2,3 

2 

1,2,3 
2,3 
2,3 

3 

2,3 

2,3 

2-
2 

8 

1,2 

1 
1,2,3 

, 1,2,3 

1,2,3 
2,3 
1,2 
1,2 

1;2,3 
1,2,3 
1.2,3 
-1.2 

1 
1 

1,2 

1,2,3 

2,3 

1,2,3 
1,2 

sr* 

3 
2,3 
2,3 
2,3 

3 
2,3 

2 
2,3 
2 

3 

2,3 

Study Area 

lOE low 16 

3 

1 
1,2,3 
1,2,3 

3 
2,3 
2 

. 1,2 
1,2,3 

3 
1,2,3 

3 

3 

2,3 

2 

1,2 

... 

1 

1,3 
1,2 
2 
1.2 
2 

1,2 
1,2 
1 

1.2 
1,2 

1,2 
3 
1 

1 

2 

1 
1,2 

17 

1 

1,2,3 
1 

1,2,3 

1,3 
2 

1 
1 
2 
1 

1,2 

3 
1,2 

1 

2 

18 19 20 

I 
2 

1,2 
2 
3 
1 
2-

1,2 

1 

. .. 

2 

2 

1 

" 

1,2,3 

. 1 

1,2,3 

1 
1.2,3 
1,3 

1,3 
1 
2 

1,2,3 
•2,3 

1,3 
1,3 

.1 

1 

2,3 

1.2,3 

22 

2 
1,2 

1.2,3 
1,2 
1,2 
1,2 
2 
1,2 
2 

1,2,3 
1,2 
2 • 

1,2 
2 

1,2,3 

1,2 

2 

1,2 

25 

1,3 

1 
2,3 

1,2,3 

3 
1 
2 

1,2,3 
1,3 

1,2,3 
2,3 
2,3 
1 

1,2. 

1,2,3 

2 

1 
1 

BK 

1,2,3 

1,2,3 
1.2,3 
1,2,3 

1,2,3 
1,2,3 

^1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 

1,2,3 
2 

1,2,3 
2 
1 

1 

1,2,3 
. 1.2,3 

CERFA 
Coke Utility USTs and 

Oven Poles Gas Station 

1 

1 
1 . 
1 

1 
1 . 
1 
1 

1 

1 

1 
1 

N/A' 

2 

2 

2 

2 

Pesticide 

Storage 

1 

1 
1,2 
1 

1,2 
1,2 
1 

1.2 
1 

1 
1 

2 
1 

>3 
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Results of Field Investigations 

Twenty-three ofthe 24 metals on the target analyte list exceeded background concentrations ^ . ' ^ 
in the soils at the study areas and CERFA sites investigated at ALAAP. Silver was the only metal 
on the target analyte list that was not detected in the soils at ALAAP. Likewise, silver was not 
detected in the background soils. A summary of this infonnation is shown in Table 4-74. All study 
areas where metals analyses were conducted contained at least one metal that exceeded background 
concentrations. Study Area 2 (Smokeless Powder Facility) and Study Area 8 (Acid/Organic 
Manufacturing Area) contained the most metals (19) exceeding backgi-ound concentrations. The 
manufacture of smokeless powder, which frequently included the addition of powdered metals such 
as barium, aluminum, magnesium, and manganese, is a potential source of metals at Study Area 2. 
The manufacture of acids and organics at Study Area 8 is suspected to be the source of the metals 
present as a result of the extraction of metals from containers, piping, storage bins, and other 
equipment. Study Areas 3 (Sanitary Landfill and Lead Facility), 16 (Flashing Ground), 
22 (Demolition Landflll), and 25 (Storage Battery/Demolition Debris) also contamed a high number 
of metals exceeding background. This occurrence can be attributed to tlie use of these study areas 
as debris disposal areas for a variety of rejected waste, open buming of refiise, and flashing of 
contaminated metals. 

Each of the study areas where subsurface soil sampies were collected contained metals at 
concentrations that exceeded background. Twenty-three different CEB rnetals were detected in the 
subsurface soils. The most pervasive CEB metals detected in the soils at ALAAP were barium and 
lead. Lead was detected above background in the soils at every study area and barium was detected /-s,^ 
above background at every study area except Study Area 19 (Lead Facility). Barium analysis was 
not conducted on the soils collected from the westem portion of Study Area 10 
(Tetryl Manufacturing Area). The presence of lead is believed to be related to site activities during 
the active period of ammunition production. Lead is used in the production processes for 
explosives (e.g., nitrators, drying pans, bearing metal), ammunition (e.g., preparation of oxides and 
salts for explosive mixtures), and TNT (typically uses an initiator made of lead or lead azide). 
Although there is no historical data or mformation pertaming to the use of metals othei- than lead, 
during World War II powdered metals such as barium, aliuninum, magnesium, and manganese 
frequently were mixed with explosives or smokeless powder to enhance their effectiveness 
(Federoff i960). The pervasive presence of barium can likely be attributed to these procjssses. 

Nine target explosives and one nontarget explosive compound (HMX) were detected in the 
soils sampled at ALAAP. The most pervasive explosive detected was 2,4-DNT, which was present 
in confirmatory samples collected from 10 of 14 study areas. In general. Phase 1 2,4-DNT 
concentrations were low (less than 3 ng/g)» except at Study Areas 2 (Smokeless Powder Facility), 
16 (Flashing Ground), and 17 (Propellant Shippmg Area). In each ofthese three study areas, 
significant explosives contamination was lunited to the surface soils. The horizontal extent of 
contamination also was lunited. This fmding is based on the nimiber of screening samples 
collected and analyzed, and the high correlation between the screening eind laboratory confirmatory 
results. The explosives at these three study areas were identified during Phase 1 of the ^ - ^ 
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Results of Field Investigations 

concentrations greater than background. Nitrate 
was detected in each of the five surface soil 
samples collected, and ranged in concentrations 
from 1.13.to 12.5 ng/g- Phosphate concentrations 
varied from nondetect to 291 ng/g in the surface 
soil samples. 

Twelve metals were detected in the 
shallow subsurface soils at concentrations that 
exceeded background, while nine metals were 
detected above background concentrations in the 
deep subsurface soils. In general, metal 
concentrations decreased with increasing depth, 
with the exception of aluminum, calcium, copper, 
and irori. 

Pesticides—Pesticides were not detected 
in any of the surface or subsurface soil samples 
collected at the Fertilizer and Pesticide Storage 
Building. 

Maximum Concentrations* I 
Analyte (wg/g) 

Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Copper 

Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Nitrate 
Phosphate 
Potassium 
Sodium 
Vanadium 

Zinc 

O^lft 
31,000 

19.4 
363 
5.89 
1.30 

140,000 
59.6 
27.4 

47,000 
212 

28,000 

0.163 
14.7 
12.5 
291 

4.710 
744 

542 

1-10ft 
37,000 

156 
3.53 

60.000 
133 

94,000 
145 

5,580" 
1,100 

4,100 
482 
140 

>ioir 
29,000 

55.4. 
2.04 

7,120 

60,000 
36.3 
2,390 

1,490 
132. 

* Metals also determined to exceed background based on ANOVA 
evaluation are shown in bold. 

** ANOVA evaluation was not conducted because there are fewer 
than four samples in the data set. 

PCBs—PCBs were not detected in any ofthe surface or subsurface soil samples collected at 
the Fertilizer and Pesticide Storage Building. 

Summary—Based on data collected during the Supplemental RI, neither pesticides nor 
PCBs have been released to soils at the Fertilizer and Pesticide Storage Building. However, soils at 
the Fertilizer and Pesticide Storage Building contain metals at concentrations in excess of 
background. Metals were detected at concentrations exceeding background in all intervals of soils 
sampled (i.e., suiface, shallow subsurface, and deep subsurface). In general, metals concentrations 
detected m the soils sampled from this study area decreased with increasing depth. Nitrate and 
phosphate were detected in the surface soils at concentrations that varied from 1.13 to 12.5 ng/g 
and nondetect to 291 ng/g, respectively. 

4.5.21 Summary of SoU Resulte 

Soil samples were collected from study areas and CERFA sites at ALAAP and analyzed for 
target metals and organics, including nitroaromatic compounds, to detennine if previous 
manufacturing and industrial processes have impacted the soils. Samples were collected from both 
the surface and subsurface. Background locations were identified and sampled. Nmeteen metals 
from the target analyte list, in addition to nitrate and phosphate, were present in the background 
soils. Each ofthe metals detected in the background surface soils also were detected in background 
subsurface soils, except for selenium and sodium. 
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Results of Field Investigations 
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Table 4-73. Summary Slallstics and Exposure Point Concentrations for Soii (>!0 ft BL,S) at Study Area t>S - Fertilizer and Pesticide Storage Buiiding 
Alabama Army Ammunil lon Plant, Childersburg, Alabama 

?0 

•s 
o 

O 

Run Time: 7:23:58 PM 

Run Dale: 1/29/99 

Ex(W!urel lWl:PS_SSI 

P i f imr tc f 

Aluminum 

Anenic 

Barium 

Bef>1lium 

Calcium 

Chronuum 

Coball 

Copper 

Iron 

Lead 

Ml^ ics ium 

Manganese 

Nickel 

Potassum 

Sodium 

Vanadium 

Propoflion ol 

AH Sam! 

Unila 

f t l l 

f t l l 

f i l l 

f i l l 

f i l l 

Mg'S 

f t / l 

f l / l 

f l / l 

MS'g 

Mg'g 

ligiB 

f t / l 

f i l l 

f t l l 

f i l l 

DclccfS Proportion o f Detecti Exposure 

ilei* TemponI A Spalial Ff«|uency NonDelects Delecis Arilhmetic Slandard 93% UCLof Poinl 2 x D K Background 

Samples^ ofDeteclion^ MinCRL* MaxCRL* Minimum Maximum Mean^ Devialion* Distribulion' Arilh. Mean^ Concennalion' Mean* Comparisoi^ 

100% 

100% 

100% 

100% 

100% 
100% 
100% 

100% 

100% 

100% 
IOCS 
100% 
100% 
100% 

100% 
100% 

23,000 

20 

30 

1.9 

4,850 
27 
5.4 
24 

42,000 
32 

1.370 
272 
24 

1,230 
109 

59 

29,000 
24 

55 

2.0 

7,120 

Jl 
19 

35 

60,000 

36 
2J90 
430 
25 

1,490 

132 
72 

llndctennlned 

Undetermined 

Undetermined 

Undeteimined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undelermined 

Undelermined 

Undetermined 

29,000 

24 

S3 

2.0 

7,120 

31 

19 

33 

60,000 

36 

2,390 

450 

25 

1,490 

132 

72 

27,167 

32 

41 

0.89 

257 

53 

38 

56 

J7fl00 

32 

867 

1,331 

46 

1.206 

ICEB) 

(bk| 

[CEBl 

(CEBl 

ICEBl 

Ibkl 

Ibkl 

Ibkl 

ICEBl 

ICEBl 

ICEBl 

(bkl 

Ibkl 

ICEB) 

ICEBl 

Ibk] 

* For the T roponun o f Detects - AD Sampka" cohunni counis were based on the unaveraged data set 

^ For the "Proportion of Detects. Temporal and Spatial Samplea" and the "Frequency ofDeteclion" columm. couan were based onthe averaged data set ( e g , groundwater samples frrmi the same well were averaged). 

*CRL ' contract reporting l imi t 

' Nondetectt were Irealed as one-halfthe detection limit in the calculation ofthe site and backgrowid (BK) arithmetic means, stardard deviation, arid 95% upper conildence limit (UCL). 

* Dbtribuliofts for Ihc calculation ofexposure point concentrations (EPCs): I ) Iffewer l ian 4 samples arc available in Ihe site dala sel, T/ndetermincd" is indicated and the 95%UCL is calculated based on a lognormal dislribulion. 2) I f lhe noimal 

gobdncssM)f*fil tesl coefficient is greater than the criiical vatue, the dbtrftution Is normal. 3) If the lognonnai goodnesfi-oMit t o t coeflicient is greater than the critical value, the distribution is lognormal. 4) I f neither of the goodncss-of-fil 

lesl coefficients B'peaier Ihan the critical vahie, Ihe dislribulkin b assumed to, be bgnoimaL 

' t h e EPC B the 95% UCL ofthe arithmetic mean with 2 exceptions: i f the 95% UCLexceeds the maximum detected value (denoted by a "M" next to the EPC) or d * site data set conlairB fewer tlian 4 samples, the maximum delected vatue is subsltulcd as the EPC. 

' C E B (cfnnlcal exceeding background) • Ihe naximum detected nsul l is peater ihan or equal to two times Ihe background mean; bk (background) - the maximum delected result is less Unn two l i m e the background mean; ANOVA - analysis o f variance 

determines thai the sKe and background data sets oome from lhe same populaiioa 

- - Not applicable (note: backgound comparfson not conducted for organic compounds) 

Pa 
S 

I: 
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Table 4-72. Summary Statistics and Exposure Point Concentrations for Soli (l-IO fl BLS) at Sludy Area PS - Fertilizer and Pesticide Slorage Building 
Alabama Army Ammunition Plant, Childersburg, Alabama 

RunTime: 7:25:57 PM 

Run Date: 3/29/99 

Exposure (Alii: PS_SSI 

Parameter Units 

Pioponion of Detects 

A l ! Sampled 

Proportion of Detects 

Temporal & Spalial 

Samofcs' 

Frequency NonDctects Detects 

ofOeteakm' M inCRL ' MaxCRL* Minimum Maximum 

Arilhmelic 

Mean' 

Standard 

Devialion' Distribulicm* 

93% UCL o f 

Ar i lh Mean' 

Exposure 

Poinl 

Concentration' 

2 x B K 

Mean' 

Background 

Compartson* 

Atuminum 

Arsenic 

Barhtm 

Bco4Kum 

Calcium 

ClBOinium 

Cobalt 

Copper 

Inm 

Lcad 

Ma^Ksium 

Manganese 

Nickel 

Potasskim 

Sodium 

Vanadtum 

f t / l 
ft/t 
f t l l 
f i l l 
f i l l 
f t l l 
HI'S 

Mg'S 

f i l l 
pg/g 

Mg'g 

f i l l 
f i l l 
f i l l 
Mt't 
f t / l 

100% 

75% 

75% 

100% 

100% 

100% 

25% 

100% 

100% 

73% 

100% 

100% 

75% 

100% 

100% 

100% 

13 

4.9 

2.5 

13 

4.9 

2.5 

23.000 

22 

143 

1.7 

17,000 

36 

4.2 

18 

52,000 

33 

2,880 

520 

12 

1.420 

171 

76 

37,000 

32 

136 

3.5 

60.000 

133 

4.2 

25 

94,000 

145 

5J80 

1,100 

20 

4,100 

482 

140 

32,250 

21 

112 

2.6 

36.000 

72 

2.0 

21 

70,000 

56 

853 

13 

2,605 

271 

109 

6,397 
I I 

73 

0.83 

17.795 

42 

1.5 

3.2 

20.461 

61 

254 

6.9 

l . l l l 

143 

27 

Normal 

Normal 

Lognormal 

Nomul 

Normal 

Nonnal 

Lognormal 

Nonnal 

Nomul 

Normal 

Undetermined 

Normal 

Normal 

Normal 

Norma) 

Nomiai 

39,777 

34 

6.I3E+09 

3.6 

56.939 

122 

8.7 

25 

94,076 

128 

1,151 

21 

3,912 

439 

141 

37,000 

32 

156 

3.5 

56.939 

122 

4.2 

25 

94,000 

128 

5,580 

1,100 

20 

3,912 

439 

140 

27,733 

42 

64 

0.80 

2.475 

46 

7.0 

26 

32,000 

14 

1,399 

682 

21 

1,324 

96 

[CEBIANOVAI 

Ibk) 

[CEBIANOVA] 

[CEB] 

[CEBl 

ICEBl 

(bk| 

[bkl 

[CEBl 

[CEBIANOVA] 

ICEBl 

[CEBIANOVA] 

[bk] 

[CEB] 

[CEBl 

(CEBl 

* For the TropoitkMi of Delects -AD Samples" cohimn, counts were based on thc unaveraged dala set. 

^ For Ihe "ProportkNi of Dctecis - Temporal and Spalial Samples" and the "Fiequency of Detection" cohmuis, counts weie based on the averaged data scl ( eg . groundwaier samples from the same weD were averaged). 

'CRL - ctmtiact reporting limit. 

' Nondetects were trealed as <ine-half Ihe detection limit in the calculation of the site and background (BK) arilhmetic means, standard deviation, and 95% upper confidence limit (IX^L). 

'Distributions Ibr the calculation ofexposure poim conccntratlom (EPCs): I) Iffewer Ihan 4 samples tte available in the site data set, TJisletei mined" is Indicaled and the 95%UCL is calculated based on a lognormal dislribution. 2) Ifthe normal 

goodness-ol^lit lest coefHcienl Is prater Ihan the criiical vahie, the distribution is normaL 3)lflhek)gnoimalgoodness-of-fitlcslcocfflcientbpeaterthanlhecrilKal value, the distribulion is bgnormal. 4) Ifneitherofthegoodness-of-fil 

Ksl coefficienB B grcaier Ihan the criiical value, the disbibulian b Ksumerl to be bgnoiDuL 

'The EPC B Ihe 95% IXTL ofihe arithmelic mean with 2 exceptions: iflhe 95% UCLexceeds the maximum detecied vahie (denoted by a "/I" next lo lhe EPC) or the sile dala set oonuins fewa Ihan 4 samples, thc maximum delecied value Is subsiituied as the EPC. 

' CEB (chemical exceeding background) • the maximum detected result b peater Ihan or equal lo Iwo times the background mean; bk (background) - die maximum deteaed resull b less don two times the background mean; ANOVA - analysis of variance 

determines that Ihe site and background dala sets come from the same populalkm. 

-- Not applicable (note: background compaiison not conducted Ibc organic compounds) 
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Table 4-71. Summary Statistics and Exposure Point Concentrations for Soil (0-<l ft BLS) at Study Area PS - Fertilizer and Pesticide Storage Building 

Alabama Army Ammunition Plant, Childersburg, Alabama 

RunTime: 7:15.57 PM 

Run Dale: 3/29/99 

Exposure Unil: PS_SS1 

Parameter Unils 

Proponion o f Detects 

Al l Samples' 

Proportion o f Delecis 

Temporal A Spalial 

Samples* 

Frequency NonDctects Detects 

ofDeteclion' MiaCRL' MaxCRL' Minimum Maximum 

Arilhmelic 

Mean' 

Sundanl 

Devniion' Distribulion 

95% UCLo f 

ArilK Mean' 

Exposure 

Point 

CotKentramn 

2 x D K 

Mean' 

Background 

Comoarisor^ 

Ahiminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickd 

Potassaim 

Sodium 

Vanadium 

Zinc 

Nitrate 

Fhosphate 

Mg'g 

M(/g 

MS'S 

Mg'g 

Mg/g 

Mg t 

M>/k 

f t / t 
MS'g 

MSt 

MS'g 

f i l l 

f i l l 

f i l l 

f t / t 

f l / i 
f l / l 
M8/g 

Mg/g 

f t / l 

f t / l 

100% 

40% 

100% 

100% 

60% 

100% 

100% 

40% 

100% 

100% 

100% 

100% 

100% 

.40% 

' 80% 

100% 

100% 

100% 

100% 

100% 

80% 

0.087 

75 

0.087 

7.5 

14.000 

18 

283 

2.3 

0.78 

31,000 

II 

4.2 

12 

27,000 

21 

4.150 

710 

O.l l . 

".. 
2.240 

239 

32 

96 

l.l 

11 

31,000 

19 

363 

5.9 

1.3 

140.000 

60 

3.2 

27 

47,000 

212 

28.000 

1,400 

0.16 

15 

4,710 

744 

71 

542 

13 

291 

24.400 

I I 

329 

3.9 

0.70 

75.200 

26 

IA 

21 

35.200 

93 

13J70 

1,020 

0.080 

11 

3,298 

429 

44 

274 

5.1 

97 

6,636 

6.9 

33 

1.4 

048 

41.499 

20 

t.9 

5.5 

8.167 

76 

9,161 

313 

0.054 

4.3 

965 

193 

15 

171 

4.7 

116 

Normal 

Lognotmal 

Nonnal 

Nonnal 

Nonnal 

Normal 

Nonnal 

Normal 

Normal 

Nonnal 

. Normal 

HormaA 

Normal 

Normal 

Noniu l 

Nomu l 

Lognormal 

Normal 

Normal 

Normal 

30,746 

31 

361 

5.2 

1.2 

114,765 

45 

4.5 

26 

42.986 

166 

}},104 

1,318 

0.13 

15 

4,218 

613 

64 . 

438 

9.6 

208 

- 30.746 

19 

361 

5.2 

1.2 

114.765 

45 

4.5 

26 

42,986 

166 

22,1M 

1,318 

0.13 

15 

4,218 

613 

- 64 

438 

9.6 

. 208 

20,277 

15 

124 

0.82 

4,960 

54 

14 

13 

37.560 

. 34 

),189 

1,730 

0.036 

9.4 

680 

501 

76 

36 

[CEB] 

I C E B I A N O V A ] 

[CHB] 

[CBB] 

ICED] 

[CEB] 

[ C E B I A N O V A ] 

Ibk l 

[CEB] 

ICEB] 

ICEB] 

ICEB] 

[bk] 

[CEB] 

[CEB] 

ICEB] 

[CEBIANOVA] 

(bkl 

[CEB] 

[CEB] 

[CEB] 

* For die "fVoportkm o f Detects - All Samples'column, counis were based on the unaveraged dau set 

'Fo r Ihe "Proportnn ofDetects - Temporal and Spalial Samples* and the Trequency o f Ddectbn 'cohimis, courts were based onthe averaged dau set ( e g , groundwater samples fiom Ihe same wed were averaged). 

*CRL - conlract reporting l imit 

'Nondetects were treated as one-halfthe deteciion limit in die cakulatbn ofthe sbe and background (BK) arithmetic means, standard devialion, and 95% upper confidence limit (UCL). 

* Dislribulions for the calculation o f expocure pobil concentraiions (EPCa): I ) (f fewer than 4 sampio are availaUc in the site dau set. *>Jndcleimincd" is indicaled and die 95%IX:L b cakailaled based on a kignormal distribution. 2) I f the normal 

goodness-of-fit test eoefTtcient b grealer Ihan Uie critical value, dw dbtribution b normal 3) If the kignormal goodness-of-fil lest coeflicienl b grealer ihan the criiical vshic. the dislribulion b kignonnal. 4) I f neillvr of the goodness-of-flt 

lest coeflicients b greater than the critical vahie, die dbbibutkln b assumed to be bgnormaL 

'The EPC i) Ihe 95% ( X L ofthe arithmetic mean wilh 2 eiccptiom: i f Ihe 95% UCLexceeds d c maximum delected vahie (denoted by a *<r next lo thc EPC) or the site dau set contains fewer dmi 4 s ^ 

'CEB (chemical exceeding backpinind) - Ihe maximum delected result b greater than or equal 10 nvo times the background mean; bk (background) • the maximum delected result b k ^ 

determines dial Uie site and background dau sets come from die same populatna 

* • Not applicable (note: backpound comparisoo not conducted for organic compounds) 
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Results of Field Investigations 

r̂ . SS-US-004, collected from 5 feet BLS. With the exception of fluoranthene (1.40^g/g), 
concentrations of all the SVOCs were less than 1 \xg/g. These results indicate that low 
concentrations of residual petroleum products remain in the subsurface soils at Building 302B. 

Summary—A variety of metals were detected in the soils near the former UST locations at 
concentrations greater than background. Lead was detected at six of the nine UST sampling 
locations at concentrations that exceeded background. The maximum lead concentration detected 
in subsurface soils was 35.1 ng/g at a depth of 5 feet BLS at Building 302B. Soils sampled from 
the former Gas Station contained only two metals (lead and molybdenum) at concentrations greater 
than background. 

Twelve SVOCs were detected in soils collected in the vicinity of a former UST located 
outside Building 302B. With the exception of fluoranthene (1.40 ng/g), concentrations ofall ofthe 
SVOCs were less than 1 ng/g. The results indicate that low concentrations of petroleum-related 
organic compounds exist at the fonner UST near Building 302B. Petroleum-related organic 
compounds were not detected at the former Gas Station or at the former USTs outside the Guard 
Post and Building 715C. All USTs have been removed from the site. 

4.5.20 Fertilizer and Pesticide Storage Building 

According to the CERFA Report (TETC 1994), Building 223 B was used to store fertilizer 
and pesticides. The building was leased approximately 20 years ago by the Parker Fertilizer C ^ 
Company (Sylacauga, Alabama) for storage. The building was cleaned out when demolition 
activities began at ALAAP (circa 1991). No releases have been reported. 

Five soil sampling locations were established in the yard area ofthe Fertilizer and Pesticide 
Storage Building to identily potential releases from activities conducted at the building. Surface 
soil samples were collected from all five locations. Two shallow subsurface soil samples and one 
deep subsurface soil sample were collected from each of two soil borings. All samples were 
analyzed for metals, nitrate, phosphate, pesticides, and PCBs. 

Appendix K presents data summary tables for soils at the Fertilizer and Pesticide Storage 
Building. Tables 4-71 through 4-73 present summary statistics for soiils. Figure 4-44 shows the 
locations where the general contaminant group CEBs (metals, pesticides, and PCBs) were detected 
in soils. Nitrate and phosphate data are included with the metals data. 

Metals—Eighteen metals, as well as nitrate and phosphate, were detected at concentrations . 
that exceed background concentration in soils at the Fertilizer and Pesticide Storage Building. The 
maximum concentrations of these metals are shown in the adjacent box. Most of the highest 
concentrations for the metals determined to exceed background concentrations were detected in 
samples SS-PS-001 and SS-PS-003. Each of the surface soil samples contained metals at 
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B' Table 4-70. Summary Statistics and Exposure Point Concentrations for Soil (>10 ft BLS) al Sludy Area US • Underground Storage Tanks 
Alabama Army Ammunition Plant, Childersburg, Alabama 

?? •a o 
3 

so 
oe 

RunTime: 7:33:42 PM 

Run Date: 3/29/99 

Exposure Unil: U S _ S D I 

Parameter Units 

Proponkm of [)etects. 

AD Samples' 

ProportkNi o f Delects 

Temporal A Spatbl 

Samvles' 

Frequency 

ofDelectnn ' 

NonDctects Delects 

MinCRL* MaxCRL' Minimum Maximum 

Arithmetic 

Mean' 

Sundanl 

Deviation' Distribution' 

95% UCL o f 

Arilh. Mean' 

Exposure 

Poim 

Concentration' 

2 x B K 

Mean' Comparisori 

Atuminum 

Barium 

Beryllium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Ma^ieshmi 

Manganese 

Nickel 

Potasskim 

Vanadium 

pg'g 

MS'g. 

Mg'g 

Mg'S 

pg'g 

f t / t 

f t / l 

f t l l 

MI'S 

Mg'S 

f t / l 

f i l l 

f i l l 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

14,000 

77 

1.00 

1,260 

14 

26 

12 

14,000 

• 529 

690 

12 

817 

30 

14.000 

77 

1.00 

1.260 

14 

26 

12 

14,000 

529 

690 

12 

817 

30 

Undetermined 

Undetermined 

(/ndeterm ined 

Undetermined 

Undetermined 

Undetermined 

Undetermmed 

Undelermined 

IMelcrmined 

Unddermined 

Undetennlned 

Undctcnmnod 

Undeleimined 

14.000 

77 

1.00 

1.260 

14 

26 

12 

14,000 

329 

690 

12 

817 

30 

27,567 

41 

0.89 

257 

53 

38 

56 

57,000 

867 

1,331 

46 

1,206 

92 

[bk] 

ICEB] 

[CED] 

ICEB) 

[bk] 

(bkl 

(bkl 

[bk] 

Ibk] 

[bk] 

[bk] 

Ibk] 

[bk] 

* For the "Proponion of Detects - An Samples" column, counu were based on the unaveraged dau set 

For the TVoportion ofDetects - Temporal and Spatial Samples* ani Ihe "Frequency ofDetection" columns, counts were based on the averaged dau set <e.g, groundwaier samples from the same weQ trere averaged). 

*CRL - contract reporting limiL 

' Nondetects were treated as one-half die detection limit bi the calculation ofthe site and backpound (BK) arithmetic means, standard devialion. and 95% upper confidence limit ((X:L). 

' Dislribulions fbr Ihe calculation ofexposure point concentrations (EPCs): I) Iffewer Ihan 4 samples are available in die site dau set. "Undetermined" b bidiaied and die 95%UCL b calculsled based on a kignormal dbtrftution. 2) If die normal 

goodness-of-lil test cocfRciem b peater Uian the critical value. Ihe dbtribution b nonnal. 3) Iflhe bgnormal goodness-of-fit tesl coefRcient b greater than Uie criiical value. Uie dumTxuion b tognormal. 4) If neiUwr of Uie goodness-of-fil 

test coeflicients b peater Uian the cridcal vahie, the dbtribution b assumed to be bgnormaL 

'The EPC b the 95% UCL of die aiiUmielic mean wUh 2 exceptnns: ifthe 95% UCL exceeds Uie maximum detected vahie (denoted by a 'IT next to thc EPC) or Uc sile dau sel conuins fewer Uon 4 samples, UK maxnnum detected vahie b subsliluled as the EPC. 

'CEB (chemKal exceeding background) - Ihe maxinium detected resull b peater ihan or equal lo two times Uw background mean; bk (backpound) - lhe maximum delected resub b less dan two times the background mean; ANOVA - analysb of variance 

detenninea Ihal Ihe site and background dau sets come Gom Ihe same populalion. 

- - Not appticable (note: background comparison nol conducted for organic compounds) 
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Table 4-69. Summary Slatlsllcs and Exposure Point Concentrations for Soil ( l - IO ft BLS) al Sludy Area VS - Underground Storage Tanks 
Alabama Army Ammunition Plant, Childersburg, Alabama 

n 
O 
3 

RunTime: 7:33:42 PM 

Run Date: 3/29/99 

Exposure Unit: U S _ S D I 

Parameter UniU 

f t l l 
f l / l 
f t / l 
f i l l 
MM 

MS'S 

MS'g 

Mg/g 

Mg'g 

Mg'S 

Mg'g 

MS'S 

Mg'g 

Mg'g 

Mg'g 

MS'g 

MS'g 

f t / l 
f t l l 
Mg'g 

pg'g , 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

f i l l 
f t / l 

Proportion of Detecu 

An Sampka* 

/ 10 
/ 10 
/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ ID 
/ 10 
/ 10 
/ 10 

/ 10 
/ 10 
/ 10 

/ 10 

/ 10 

Proponkm of Delecu 

Temporal & Spalial 

Sampled 

/ 10 
/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 
/ 10 
/ 10 
/ 10 
/ 10 
/ 10 
/ 10 

/ 10 
/. IO 

/ 9 

/ 7 

/ 7 
/ 7 

/ 7 

/ 7 
/ 7 
/ 7 

/ 7 
/ 7 

/ 7 
/ 7 

/ 7 

Frequency 

OfDeteclion' 
100% 
30% 

100% 

50% 

80% 

40% 

30% 
70% 

100% 
60% 
70% 
100% 
20% 
100% 

70% 
100% 

33% 

14% 

14% 
14% 

14% 
14% 

14% 

14% 

14% 

14% 
14% 
14% 

14% 

nOtd)cttCtS 

MinCRL' 
• • 

13 

0.25 

109 

17 

2.5 
3.4 

--
10.0 

138 

75 

50 

13 

0.17 

0.17 

0.24 

0.73 

0.23 

0.40 

0.27 

0.17 

0.17 

0.17 

0.17 

0.97 

MaaCRL' 

.-
13 

--
0.23 

109 

68 

2.5 

4.3 

10.0 

138 

--
7.5 

--
50 

-. 
35 

0.17 

0.17 

0.24 

0.73 

0.25 

0.40 

0.27 

0.17 

0.17 

0.17 

0.17 

0.97 

Detecu 

Mmimum 

7.100 

18 

13 

052 

222 

21 

3.2 
5.2 

1,200 

16 
399 
7.4 

13 
22) 

72 

30 

30 

0.19 

0.54 

0.36 

0.85 

0.21 

0.27 

049 
1.4 

0.20 

0.22 

0.% 

0.83 

Maximum 

47,000 

29 
197 

2.7 

33.000 

65 

4.7 
19 

66,000 

35 
2,620 

2.100 

20 

3,510 

202 

115 
87 

0.19 

0.54 

0.36 

0.85 

0.21 

0.27 

0.49 

1.4 

0.20 

0.22 

0.96 

0.83 

Arilhmetic 

Mean' 

18,020 

12 
64 

0.63 

5.837 

27 

2.1 
7.9 

34.620 

17 

872 

370 
6.2 
776 
87 

72 
27 

O.IOO 

0.15 

0.15 

0.43 

0.14 

0.21 

0.19 

0.27 

0.10 

O.IO 

021 

0.53 

Sundanl 

Deviation' 

11.430 

9.2 

65 

082 

10.587 

16 

1.3 

6.0 

20,931 

11 
900 
636 

5.5 
1,001 

57 

28 

29 

0.040 

0.17 

0.091 

0.18 

0.032 

0.026 

013 

0.50 

0.043 

0.051 

0.33 

0.13 

Dbtribution' 

Lognormal 

Lognonrul 

Lognonnai 

Lognornul 

Nonnal 

Lognonnai 

Nonnal 

Nonnal 

Nonnal 

Nomu l 

Lognonnai 

Lognormal 

Lognotmal 

Normal 

Nonnal 

Lognormal 

Lognormal 

Lognonnai 

Lognormal 

Lognonnai 

Lognotmal 

Lognormal 

Lognormal 

Lognonnai 

Lognormal 

Lognormal 

Lognormal 

.Lognomul 

95% UCLo f 

Arilh. Mean' 

27,499 

20 

172 

2.4 

I.36E+06 

36 

3.1 
I I 

46,753 

23 
1,393 

13,457 

9.9 
1.658 

120 
88 

79 

0.13 

0.32 

0.23 

•0.57 

0.16 

0.23 

0.30 

1.3 
013 
0.14 

0.68 

0.63 

Exposure 

Poinl 

Corceniiation' 

27,499 

20 

172 

2.4 

33.000 P 

36 

3.1 
I I 

46.753 

23 
U93 

2,100 P 

9.9 
1.658 

120 
M 

79 

0.13 

0.32 

0.23 

0.57 

0.16 

0.23 

0.30 

1.3 

0.13 

0.14 

0.68 

0.63 

2 x B K 

Mean' 

27.733 

42 
64 

0.80 

2,475 

46 

7.0 

26 

52.000 

14 
1.399 

682 

21 
1,324 

96 
71 

--

--

--
--

' --

Background 

Comparisoi^ 

[CEB IANOVA] 

[bk] 

[ C E B I A N O V A ] 

[ C E B I A N O V A ] 

(CEBIANOVA) 

I C E B I A N O V A ] 

Ibkl 

[bk] 

[CEB IANOVA] 

(CEBIANOVA) 

[CEBIANOVA] 

[CEBIANOVA] 

Ibk] 

[CEB IANOVA] 

ICEB] 

[CEBIANOVA) 

[CEBIANOVA] 

[CEB] 

[CEB] 

[CEB] 

ICEB] 

[CEB] 

[CEB] 

ICEB] 

ICEB] 

[CEB] 

(CEB) 

[CEO] 

ICEB] 

•-0 

Atuminum 

A n m c 

Bsrhim 

Bciyi ium 

' Calduin 

Chfomium 

Cobati 

Copper 

Iron 

Uad 

Mtgnestum 

Manganese 

Nickel . 

Potassiun 

Sodium 

Vanadium 

Zinc 

Atdhraccnc 

Benzo(a)anlhricene 

Benzo(a)pyicne 

Bcnzo(b)fluoTVUhene 

Benzo(g,h,i)pcfytene 

Benzo(k)fluonnthene 

Chi>sene 

Fhionnlhene 

lndcno( 1.2,3-cd)pyrene 

N-Nitrosod iphcnylamine 

Phenanlhfvne 

Pyrene 

> 

O 
O 

* For thc "Proportion of Dclecti • A l Samples" column, counts were based on lhe unavenged d«ta set. 

^ For the "Proportion o f Detecti • TemponI and Spatial Samples* and the "Frequency of Detection' columns, counts were based on the avenged data eet <e.g., groundwater samples from the same weD werc avenged). 

'CRL • contnci reporting limit. 

* Nondetects weie treated as one-half ihe detection Irmii tn the calculation of ihe site and background (BK) arithmetic meam, standiid devialion. and 95% upper confidence limit (UCL). 

' Disinbulions fbr Ihe calculation ofexposure poinl concentrations (EPCs); I ) I f fewer than 4 samples are available in the site data set, TJndeienninod" b indicated and the 9S%UCL is calculated based on a lognomul distribution. 2) I f the nomial 

goodneu*o^fit test coefTicient b greater than the criiical vahje, the dislribution a nonrul. 3) If the lognomial goodnen-of-fil lesi coefficient b pvaicr than the critical value, the distribution b bgnormal. 4) Ifneither ofthe goodness-of-fii 

test cocf fKknlsbpcatef than the critical vatw, the distributiiimbassunwd lobe b s » ] ^ ' a: '.' - . 

' The EPC B the 95% UCL of the arilhmelic mean with 2 exceptions: i f lhe 95% UCL exceeds the maximum detected vahie (denoted by a "iV" next to the EPC) or the siie dala set contains fewer than 4 samples, the maximum detected value b subsiituied as the EPC. 

'CEB (chemical exceeding background) - the maximum detecied resub b grcaier than or equal to two times thc background mean; bk (background) - the maximum detected resub is less than two times thc background mean; ANOVA - analysb o f variance 

determines Ihat the site and background data sets come fiom the same population. 

* • Nol a^iKcable (note: background comparison not conducted for organic compounds) 



Results of Field Investigations 

subsurface sample (1 foot BLS) and one deep subsurface sample (25 feet EJLS) were collected from 
the boring. All soil samples were analyzed for metals and SVOCs. 

Appendix K presents data summary tables for soils at the former USTs and Gas Station. 
Tables 4-69 and 4-70 present summary statistics for soils. Figure 4-43 shows the locations where 
the general contaminant group CEBs (metals and SVOCs) were detected in soils. An empty circle 
at 0 - <1 foot BLS indicates that a soil sample was not collected at that interval. 

Metals—Fourteen metals were detected in 
the subsurface soils at the UST sites at 
concentrations greater than background. 
Maximum concentrations detected for the metals 
are listed in the adjacent box. Nine ofthe metals 
(aluminum, barium, beryllium, calcium, lead, 
magnesium, manganese, potassium, and sodium) 
concentrations exceeding background concen
trations at Building 302B were identified in 
sample SS-US-006. Samples collected from the 
shallow subsurface soils near Building 7ISC 
(SS-US-007 and SS-US-0d9) contained metals, 
including barium, calcium, lead, magnesium, and 
sodium, at concentrations greater than 
background. Lead and molybdenum were detected 
at concentrations greater than background in the 
soil collected from the former Gas Station at 

r̂  

Maximum Concentrations* I 

Analyte (ng/g) 

Aluminum 
Barium 
Beryllium 
Calcium 
Chromium 
Iran 
L^ad 
Magnesium 
Manganese 
Molybdenum 
Potassium 
Sodium 
Vanadium 
Zinc 

Gait Station 
•1-10 n 

25.8 

5.24 

USTs 
1-10 f r 
47,000 

197 
2.72 

33.000 
64.5 

66,000 
35.1 

2,620 
2,100 

3,510 
202 
115 
87.2 

USTs 
>10feet" 

76.8 
1.0 

1,260 

* Metals also detemiined to exceed background based on ANOVA 
evaluation are shown In bold. 

** ANOVA evaluation was not conducted because there are fewer 
than four samples In the data set. 

location SS-GS-002. Lead was detected at concentrations greater thari background at six of the 
nine UST sampling locations (SS-US-004, SS-US-005, SS-US-006, SS-US-007, SS-US-009, and 
SB-GS-058). 

One deep subsurface sample was collected near the Guard Post UST (SB-GS-058) at a 
depth of 25 feet BLS. Barium, beryllium, and calcium were detected at concentrations that 
exceeded background. The concentrations of barium, beryllium, and calcium present in the shallow 
subsurface soil sample collected at boring 
SB-GS-058 did not exceed background. 

5K0CJ—Twelve SVOCs were detected 
in subsurface soils collected in the vicinity of the 
former UST located outside of Building 302B. 
The SVOCs and their maximum concentrations 
are noted in the adjacent box. All detected 
SVOCs except N-Nitrosodiphenylamine were 
PAHs and all were detected in only one sample, 

Maximum Concentrations* | 
Analyte (ug/g) 

Anthracene 
Benzolalanthracene 
Benzo(a)pyrene 
Ben2o(b)fluoranthene 
Ben2o(g,h,l)perylene 
Ben2o(k1fluoranthene 
Chrysene 
Fluoranthene 
lndeno(1,2,3-cd)pyrene 
N-Nitroscdiphenylamine 

Phenanthrene 
Pyrene • 

USTs (MO ft) 
0.190 
0.540 
0.360 
0.850 
0.210 
0.270 -
0.490 
1.40 

0.200 
0.220 
0.960 
0.830 

r̂  

r̂ . 
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Results of Field Investigations 

Maximum Concentrataons | 
Analyte (pg/g) 

Aroclor-1248 
Aroclor-1254 

AroclQr-1260 

O^lf t 
69.3 
23.5 
102 

l-IOfl 

0.0638 

>10fl 

PCBs—Three PCBs were detected in soil 
samples collected at the study area. The PCBs 
and their maximum concentrations are listed in 
the adjacent box. PCBs were confirmed in the 
soils at each of the locations where the field 
screening data indicated their presence. All three PCBs were detected in surface soils collected 
from SS-PO-094 and SS-PO-095, located south of Building 717A. In addition, Aroclor-1260 was 
detected at surface soil sampling locations SS-PO-026 and SS-PO-032, located adjacent to Building 
714B; SS-PO-034 and SS-PO-092, located south of Building 717A; SS-PO-036, located adjacent to 
Building 745; and SS-PO-047, the South Transformer Storage Area. The highest concentration 
(102 ng/g) of Aroclor-1260 was reported at surface soil sampling location SS-PO-047. 
Aroclor-1260 also was present at a low concentration (0.0638 ng/g) in the shallow subsurface soil 
sample collected from SB-Pp-057, located south of Building 717A. PCBs were not detected in 
deep subsurface soils. 

Summary—One or more ofthe PCBs Aroclor-1248, Aroclor-1254, and Aroclor-1260 were 
detected in soils at sampling locations adjacent to Building 714B, south of Building 717A, adjacent 
to Building 745, and in the eastem yard area ofthe South Transformer Storage Area. The areal and 
vertical extent of contamination associated with the transformer storage areas arid the utility poles 
identified at the facility seem to be limited to very small areas. As anticipated from their high 
molecular weights and log/octanol water partition coefficients, detection of PCBs was restricted to 
surface and shallow subsurface soils (1 foot BLS). 

4.5. f 9 Underground Storage Tanks and Gas Station 

According to the CERFA Report (TETC 1994), two underground storage tanks (USTs), one 
near Building 302B and one near Building 715C (a flammable materials storehouse southwest of 
Building 717A) have been removed. One ofthe USTs contained gasoline, and the other contained 
diesel fiiel; each had a capacity of 12,000 gallons. During the field investigation, a third potential 
UST site was identified at the southem end ofthe site near the Guard Post. The Guard Post UST 
site was included in this investigation. 

According to an Inventory of Military Real Property reviewed for the CERFA Report 
(TETC 1994), one gas station was located in Area B. Building 724E is described as a Gas Station 
without a building (i.e., piunp station). The only information available stated that the USTs were 
installed in 1942. All USTs have been removed. 

To investigate the potential for residual fiiel contamination resulting from USTs and 
operations at the Gas Station, 12 subsurface soil sampling locations were established at the sites, 
and samples were collected at a depth of 5 feet BLS at each location. In addition, one soil boring 
(SB-GS-058) was drilled in the vicinity of the former UST at the Guard Post. One shallow 
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Table 4-68. Suinmary Statiitics and Exposure Point Concentrations for Soil (>I0 ft BLS) at Study Area PO - Downed ttlllty Poles with Transformers 

Alabama Army Ammunition Plant, Childersburg, Alabama 

RunTime: 7:23:3<PM 

R u n D « i r . M 9 / 9 9 

Exposure Ih i l ; P O _ S S I 

Parameter 

Proponion of De l t cu Praportion 

All Samples* Temporal 

Unia S O T I 

o r D t l c c u 

A S p i l i t I Fiequency NonDelects Detects Arithmetic S u n d i n ) 

ilei^ ofDeteclion* MmCRL* MaxCRL* Minimum Mlximum Mean^ Deviation^ Pis'lribmion' 

Exposure 

9 3 % UCL of Point 2 > B K Back|round 

Arilh. Mean* Concentration^ Mean^ Comparisoi^ 

Ahimimnn 

Anenic 

Barium 

Beiyihim 

Cadmium 

Calctum ' 

Chromium 

Copper 
Iron 

Lead 

Ma^Msium 

Manganese 

NicVel 

Potassium 

Vanadium 

Zinc 

MS'S 

f t / l 

f t / l 

fill 
|i(/S 

Mg'S 

f t / l 

ft/t 

118/S 

fl/t 
Mg'S 

Mg'S 

MS'S 

MS'S 

f t / l 

100% 
100% 
100% 
100% 

100% 
100% 
100% 
100% 
100% 

100% 

IOCS 
100% 

100% 

100% 

100% 

100% 

23,000 
50 
I M 
3.9 

0.94 

1,110 
29 
19 

30,000 

26 

1.090 

12,000 
38 

618 
47 

70 

25.000 

JO 
166 

3.9 

0.94 

I.IIO 
29 
19 

50,000 

26 

1.090 
12,000 

38 

618 
47 

70 

Undeteimined 

Undetcnnined 

Undeteimined 

Undeteimined 

Undetermined 

Undeteimined 

Undetermined 

Undetermined 

Undeteimined 

Undeteimined 

Undeteimined 

Undetermined 

Undetermined 

Undeteimined 

Undetermined 

Undeteimined 

25.000 

30 

166 

3.9 
0.94 
I.IIO 

29 
19 

30,000 

26 
1.090 

12.000 

38 

618 

47 

70 

27.367 

32 

41 

0.89-

257 

33 

36 

57,000 

32 

867 

1.331 

46 
1.206 

92 

104 

Ibk) 

lUkl 

[CEBJ 

ICEB) 

(CEBl 

ICEB] 

(bk) 

(bk | 

(bkl 

| b k | 

(CEB) 

(CEB) 

(bk) 

Ibk) 

(bk) 

(bk) 

* For Ihe "Proporiion ofDetects - All Samples 'cohmin. counis tveic based onthe unavenged dala let. 

*For the "Proponion of Detec t s . Temporal and Spatial Samples" and the "Frequency of Deteciion" cohimns. counis were based on Ihe avcra£ed d a u set ( e g , groundwaier samples lrom lhe same weD were averaged). 

*CRL - contract reponing limit 

' Nondetects were treated as ore-half the detection limil in the calcubtion of lhe site and background (BK) arithmelic means, standard devialion. and 9 5 % upper confidence limit (UCL). 

* Dislribulions for Ihe calculation ofexposure poinl concentrations (EPCs): I) (f fewer than 4 samples are available in Ihe site t l au set, TJndetennincd' is indicaled and the 93%UCL u calculated based on a lognoimal distribulion. 2) If thc normal 

goodness-of-lll lesl coefficient is ffdter than the critical value. Ihe dislribution is nonnal. 3) Iflhe lognonnai goodncss-ol^fil tcsl ooefficienl is greater Ihan the critical value, the d i s c r e t i on is lognoimal. 4) Ifneither of the goodness-of-dt 

test coefTicienis is pea te r than the di t ical vahit. the distribution is assumed to be fagncrmaL 

' The EPC B the 9 3 % UCL of Ihe arilhmetic mean with 2 exceplions: if Ihe 9 3 % UCL exceeds the maximum detected vahie (denoted by a ' P ' nexl lo the EPC) or the site tlala set contains (ewer than 4 samples, the maximum detected value is subsliluled as ihe EPC. 

' C E B (chemical excccdtr^ background) - thc inaximum detected result ix greater than or equal lo two times the background mean; bk (background) - the maximum detected resuh is less tlttn two times the background mean; ANOVA - analysis of variance 

dcteimines that the sile and background dala sets come from the same population. 

- - Nol applicable (note: background comparison not conducted for organic compounds) 
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Table 4-67. Summary Statistics and Exposure Point Concentrations for Soil (1-10 ft BLS) at Study Area PO - Downed Utility Poles with Transformers 

Aiabama Army Ammunition Piant, Childersburg, Aiabama 

RunTime: 7:23:34 PM 

Run Date: 3/29/99 

Exposure Unit: PO_SS 1 

Piramcter 

Atuminum 

Ancnc 

BuTum 

Beiyllhmi 

Calcium 

Chromium 

Copper 

Iron 

Lead 

Ma^iesium 

Manganese 

Nictc l 

Poiassium 

Vanadium 
Zinc 

Arocbr 1260 

A U S I 

Units 

f i l l 1 

Mg'g 1 

Mg'g 1 

MB'g 1 

Mg/g 1 

MS'g 1 

f i l l 1 

M»1l 1 

Mg'S 1 

f i l l 1 

Mg'g 1 

Mg'g 1 

Mg'g 1 

Mg'g 1 

Mg'g 1 

Mg'S 1 

imples* TemponI A Spatial 

Smpfcs' ofOenc lbn ' ' M h C R L * MaxCRL' 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

Detects 

Minimum 

28.000 

26 

40 

0.39 

968 

196 

38 

31,000 

37 

473 

221 

13 

274 

74 

126 

0.064 

MssmHim 

28,000 

26 

40 

0.39 

968 

196 

38 

31,000 

37 

473 

221 

13 

274 

74 

126 

0.064 

Arilhmetic 

Mean' 

Standard 

Deviation' Diltribution' 

Undeteimined 

Undeteimined 

Undeteimined 

Undctennmed 

Undeleimined 

Undeteimined 

Undetermined 

Undeteimined 

Undetermined 

Undetcimined 

Undeteimined 

Undetcnnined 

Undeteimined 

95% UCLof 

Arilh. Mean' 

Poinl 

Concentration' 

28,000 

26 

40 

0.39 

968 

19* 

38 

31,000 

37 

473 

221 

13 

274 
74 
126 

0.064 

2 x B K 

Mean' 

27,733 

42 

64 

0.80 
2,473 
46 
26 

32.000 
14 

1,399 
682 
21 

1,324 

96 
71 

Background 

Conipartson' 

ICEB) 
(bkl 

(bkl 
(bk) 
(bk) 

ICEB) 
ICED) 
(bk) 

(CEO) 
(bk) 

Ibk) 
(bk) 

Ibk) 
(bk) 

(CEB) 

(CEB) 

* For Ihe "Proportion of Delecis - A l Samples" column, counb wert based on the imavcraged data set. 

^ For thc "Proporiion ofDetects • Temporal and Spalial Samples" and the "Fftquency o f Detection" cohmins, counts were based on lhe ivciaged data set (e.g.. grouiMlwaieT samples (ion) lhe same wcD were Bveraged). 

*CRL- contract reporting ItmiL 

* Nondetecu were treated as ofr*half the detection limit m the calcuUtion ofthe site and badcgrtmnd (BK) arilhmetic means, standanl deviation, and 95% upper confidence limit (UCL). 

* Distributions for Ihe calculation ofexposure point concentrations (EPCs): I ) I f rewcr than 4 samples are available in the site data set, Unddennined" is Indicated and Ihe 95%UCL b calculaled based on a lognonnai distn'bution. 2) I f lhe normal 

goodncss-of-Rl tesi coeffident b frcater than the crttical value, the dtstn'bulion is nonnal. 3) I f ihe lognonnai goodness-of-fit lest coeflident is pvaier than the criticat value, the distribution is lognormal. 4) Ifndther ofthe goodness-of-fii 

test coeflkienti is greater than the criiical value, the distribulion b assumed lo be bgnormal 

'The EPC B the 95% UCL of the arithmetic mean with 2 cxcepiiotu: i f ihe 93% UCL exceeds the mu imum detected vahie (denoted by • ' 0 ' ne«t lo ihc EPC) or the the data set coniiins fewer than 4 samples, lhe maximum delected vatue is substituted as (he EPC. 

' CEB (chemical exceeding badtground) - the maxtmum detected result b greater than or equal to two limes the background mean; bk (background) - the maximum detected resuh b kss ihan two ibmcs the background mean; ANOVA • analyvb o f variance 

detennines thai the site and background data sets come ftom the same popubtion. 

- • Nol appticable (note: backgrotmd comparison not conducled for organic compounds) 
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Table 4-66. Summary Statistics and Exposure Point Concentrations for Soil (0-<l ft BLS) at Study Area PO - Downed Utility Poles with Transformers 

Alabama Army Ammunition Plant, Chlldertbure, Alabama 

Run Tone: 7:23:34 PM 

Run Date: 3/29/99 

Exposure Unit: P0_ 

Aioctor 1248 

Anx lo r 1254 

Aractor 1260 

_SSI 

UniB 

Mg'g 

MS^ 

pg'g 

Pioponion of Detecu 

A l l Samples' 

2 / 9 

2 / 9 

8 / 9 

Temporal A Spalial 

Samples^ 

2 / 9 

2 / 9 

8 / 9 

Frequency NonOeteOs 

OfDcleaion^ MinCRL' M a i C R L ' 

22% 0.033 1.7 

22% 0.033 1.7 

89% 0.033 0.033 

Detects 

Muumiui) Maximum 

40 69 

17 24 

0.048 102 

Anthmetic 

Mean' 

12 
4.7 

15 

Standan) 

Deviation' 

25 
9.1 

33 

Distnbution' 

Lognormal 

Lognonnai 

Lognonnai 

93% UCLo f 

Arith. Mean' 

9.29E-KI6 

186.238 

411.726 

Exposure 

Point 

Concentration' 

69 P 

24 II 

102 P 

2 x B K 

Mean' 

--
--

Background 

Comiiaiitoi^ 

(CEB) 

(CEBl 

ICEB) 

* For the "Proponion of Detecti - All Samplea" cohimn, counts were based on Ihe unaveraged data set 

^ For the "proportion of Delects - Temporal tnd Spalial Samples" and the "Frequency of Detectkm* oohimm, anmts were based on Ihe averaged data set (e.g., groundwater samples from the same weO were averaged). 

*CRL - contract reporting limit 

' Nondetects were trealed as one-half the detection limit m the calculation of the site and backgnund (BK) arithmetic metns, fttardard deviation, and 9S% un>cr confidence Irmil (UCL). 

* Dtstributions for the calculation ofexposure point conoenirallons (EPCs): 1) Iffewer dan 4 sampka are avaHibk in the site data set, TMetermined" b indicaled and the 9S%UCL b calculaled based on a lognoimal dbtribuiioa 2) Ifthe normal 

goodncss-oAfii (est coefficieni b greater than the criiKal vahie, the dtstnlwtton b nonnaL 3) Iflhe lognonnai goodness-ol^flt lest coefflcient b peater than the critic&l value, the dtstrftution is tognonnaL 4} Ifneither ofthe goodncss-of ftl 

test coefficients b peftler than the criiical value, the dbtn'bulion b assumed to be bgnonnal. 

' The EPC is the 95% UCL ofthe arithmetic mean with 2 exceptions: ifihe 93% UCL exceeds the maxhmtm detected vahie (denoted by a "tf" nexl lo the EPC) or the site daU set conuins fewer than 4 sampks, the maxtmum delected value b substituted as the EPC. 

' C E B (chemical exceeding background) - the nuutmum detected resull b greater than or equal to two times (he background mean; Ui (background) - the maxhnum delected resub b kss don two times die background mean; ANOVA • analysb of variance 

deteimines ihai lhe site and background dita sets come from lhe came population. 

- - Nol applicable (note: background comparison not conducted for ocganic compounds) 
•a, 
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Results of Field Investigations 
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I' Table 4-76. Summary Statl i t lci and Exposure Point Concentrations for Surface Water at Study Area 9 - Aniline Sludge Basin 

' Alabama Army Ammunillon Plant, Childersburg, Alabama 

•s 

ON 

Run Timr. 5:40:} I P M 

Run Oite: 3/29/99 

Expoiure I h i t 0 9 _ W S I 

Pnnmtter Units 

Propoitian of Delects 

Al l Samples' 

Frapoilion or Detects 

TemponI A Sp i l i i l 

Suni les ' 

Frequency 

o f Detectbn* 

NonDelects Detects Afilhmelic 

Me i i i ' 

St indi fd 

Deviation' Diuribution' 

95% UCL of 

AritK M e m ' 

Exposure 

Point 

Ccncentration 

2 x B K 

Mean" 

Background 

Comparisori 

Aner ic 

Berium 

Calcium 

Copper 

Iron 

Lead 

Ma^iesium 

Manganese 

Pousskim 

Sodiuin 

Tohiene 

MgO. 

• f l l i -
f l l L 
pgn. 
f t / i -
pgn. 
f t / t 

f t / l 

f t / t 

f l i t 

M g t 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

1.2 

27 

81.400 

14 

1.570 

3.0 

2.100 

IOO 

3J70 

2,790 

0.60 

1.2 

27 

SI.400 

14 

1,570 

3.0 

2.100 

IOO 

- 3.870 

2,790 

0.60 

Unktcfmined 

Unletcfmincd 

UnJeleiinined 

Unletcfmlncd 

Unlctefmined 

Unletennincd 

Unletetmined 

Uralctennined 

Umletermincd 

Unleteimincd 

Uralctennined 

1.2 

27 

81,400 

14 

1,570 

3.0 

2,100 

IOO 

3,870 

2,790 

0.60 

1.4 

78 

63.167 

642 

18,470 

353 

2,197 

8,555 

Ibkl 
Ibkl 

(CEBl 

ICEB) 

ICEB) 

ICEB) 

(bk) 

Ibk) 

(CEB) 

(bk) 

(CEB) 

* For the "Propoition o f Delects - AD Sunples* column, coufils were based on die unaveraged data SCL 

'* For lhe "Propoition o f Delects - Temporal and Spatial Samplei* and Ihe "Frequency of Detection'columns, counis were based on the averaged d i u set (e.g. groundwater sampler 

^CRL - contract reporting limit. 

' MDnSctcas were mated as one-hatf the detection limil tn the cakulation ofthe site and backgiound (BK) arithmetic meam. standanl deviation, and 95% upper conlidcncc limit (UCL). 

' Dbtribulions Rir the cakulation ofexposure poinl concentrelions (EPCs): I ) I f linver ihan 4 samplea are available hi the site dau set, "Undetemiined" is indicated and the 95%UCL Is calculited based on a tegnoimal distiibution. 2) If the normal 

goodnesSHif-ni tesl coefncicnt n peater than the critical vahie, Ihe distribution a norma). 3) I f the lognormal goodness-oFlit tesl coefficient is p o u t than the critical value, the distribution is bgnormal. 4) Ifneither ofthe goodness-of-Rt 

Icst coefficients is greater than Ihe critical vahie. the disuftiution b assumed to be bgnonna). 

' Tlie EPC b Ihc 95% UCL ofthe arilhmelic mean with 2 exceptiora: i f the 95% UCL exceeds the maximum detected value (denoted by a ' < " next lo the EPC) or Ihe site dau set conuins fewer ihin 4 samples, U K maximum detected value is subsliluled as the EPC. 

' C E B (chemical exaxding background) • Ihe maxinmni delected result b grealer Ihan or equal to Iwo limes the backgraund mean; bk (background) • the maximum delecied result is less d a i two times the background mean; ANOVA • analysb o f variance 

detemiines Ihal Ihe sile and background dau sets come ftom the same popubtkm. 

- ' Not applicable (r>3le: background comparbon not conducted for organic compounds) 
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Results of Field Investigations 

SVOCs—SVOCs were not detected in the surface water sample collected at Study Area 9. 

Summary—One surface water sample (SW-09-028) was collected from the Aniline Sludge 
Basin. A low concentration (near the CRL) of toluene and five metals (calcium, copper, iron, lead, 
and potassium) were the only chemical constituents that were detected above background in the 
ponded drainage in the Aniline Sludge Basin. 

4.6.3 Study Area 16-Flashing Ground 

During Phase 3 ofthe Supplemental RI, a surface water sample (SW-16-038) was analyzed 
from an area of ponded drainage associated with Study Area 16. The sample was analyzed for 
metals and explosives. Table 4-77 presents the sunmiary statistics for sample SW-16-038. 
Figure 4-46 shows the sampling location and general contaminant group CEBs that were detected. 

3 

MettUs—Cobalt, iron, manganese, and nickel 
were the only inorganic constituents that were detected 
at concentrations above the background levels in 
sample SW-16-038. Manganese did not exceed 
background in Study Area 16 soil samples, although 
cobalt, iron, and nickel all were surface soil CEBs. 

Explostyes—The explosives compounds TNT 
and 2,4-DNT were detected in sample SW-16-038. 
TNT and 2,4-DNT also were detected in the shallow 
subsurface soils at Study Area 16 during the 
Supplemental RI. 

Maximum Concentrations** | 
Analyte 

Cobalt 
Iron 
Manganese 

Nickel 

pan. 
141 . 

10,800 
1,200 
10.4 

** ANOVA evaluation nof conducted because there are fewer 
than four samples in the data set. 

Maximum Concentrations | 
Analyte 

TNT 
2,4-DNT 

un/L 
0.733 
4.5 

3 

Summary—A surface water sample (SW-16-038) was analyzed from an area of ponded 
drainage associated wdth Study Area 16. TNT and 2,4-DNT were detected in the Study Area 16 
drainage sample at concentrations less than 5 ^g/L. Cobalt, iron, manganese, and nickel exceeded 
background concentrations; however, no other constituent metals were detected above backgroimd 
concentrations. 

4.6.4 Study Area 21-Red Water Ditch 

Surface water quality in Study Area 21, the Red Water Ditch, was characterized by the 
analysis ofsamples from four locations (BW-21-002, SW-21-001, SW-21-004, and SW-21-014) 
obtained during Phase 1 of the Supplemental RI. Samples were analyzed for metals, explosives, 
VOCs, and SVOCs. Figure 4-46 shows the general contaminant group CEBs that were detected at 
each location. Table 4-78 presents the simunary statistics for the detected constituents in surface 
water at Study Area 21. 

3 
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Table 4-77. Summary Statistics and Exposure Point Concentrations for Surface Water al Sludy Area 16 - Flashing Ground 

Alabama Army Ammunition Plant, Childersburg, Alabama 

n 
.•a 
o 

K> 

Proponkm ofDetects Proportion o f Delects Exfiosure 

ADSampIn ' TemponI A Spalial PieigucncT NonDetects Detects Arithmetic Slandard 95% UCLo f 

Sampled o f Detedkin* Min CRL* Max CRL* Minimum Maximum Mean^ Deviation* Dbtriliulion* AritK Mean* Congsilralion' 

Run Thne: 5:54:08 PM 

Run Date: 3/29/99 

Exposure U i i l . l 6 _ W S I 

ParBmetcr 

Abun mum 

Banum 

Calcium 

Cobalt 

Iron 

Mapieshim 

Manganese 

Nkrkel 

Potassum 

Sodhun 

2,4,6-Trinitrolohiene 

2,4.Dinitrololuene 

Units 

f l i t 
fan. 
Pg^ 
Mg/L 

f t / t 
Mgrt. 

Mg/L 

M»t 
f t / t 
Mg/L 

fin-
f l i t 

100% 

IMK 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

lOOK 

100% 

154 

14 

3.760 

141 

lO.SOO 

1,360 

1.200 

10 
1.140 

5.090 

0.73 

4.5 

154 

14 

3.760 

141 

10.800 

1.360 

1.200 

10 

1.140 

5.090 

0.73 

4.5 

Poinl 

ctntrslton 

154 
14 

3.760 

141 

10.800 

1.360 

1.200 

10 
1,140 

5,090 

0.73 

4.5 

2 x B K 

Mean' 

309 
78 

63,167 

642 

18,470 

355 

-. 
2.197 

8.555 

• • 
.. 

Background 

Comparisori 

Ibkl 

Ibk) 

Ibk) 

ICEB) 

(CEBl 

(bk) 

(CEB) 

(CEBl 

Ibk l 

(bkl 

(CEBl 

[CEBl 

I / 1 100% 154 1S4 Undctiimiincd 

; / f iOQ% 14 14 Undettmttned 

1 / I tOOH - - - • 3.760 3.760 - • Undctinntncd 

I / 1 100% • • 141 141 . - Undct<:nnined 

1 / I tOOH • • lO.SOO 10.809 Unde«nnined 

Undelinmtned 

Undetirnnlned 

Utdetamincd 

Undctmnuicd 

Undet mnined 

Undetrrmined 

Undetermined 

* For (he "Propoitkm o f Detects • AD Samples" cohimn, counts were based on the unavenged dala SCL 

For the Troporitan ofDciecu -TemponI and Spatial Samples* and lhe "Frequency of Dctectioa''. columns, counts were based on the averaged dau set (eg., poundwaier samples from the same wefl were averaged). 

"CRL - contraa reporting limrt 

' Nondetects were treated as one-halfthe detectbn limil In the calculation o f the site and backpound (BK) arithmeitc means, standard deviation, and 95% uppa confidence limit (UCL). 

* Dbtrflmttons (br the calculation ofexposure potnt concentntions (EPCs): I ) Iffewer than 4 sampks are avaitible In the site data set. 'Tindctetmlned' is mdicated and the 95%UCL b catculatiid based on a lognormal d i s t r ^ i i on . 2) Ifthe normal 

goodncss-of-fit test coeffldent Is greata than (he criticat vahie, the diltribution b normaL 3) (fthe (ognormal goodness-of lit tesl coefficient Is p v a i a than the critical vahK, the dbtributfon b lognormal 4) I f neiiha ofthe goodness>of-nt 

lesl coefficients b q ^ t a (han the critical vahie. the dbtribution b assumed to be bgnormal 

The EPC B (he 95% UCL ofthe arilhmetic mean wilh 2 exceptions: i f (he 95% UCL exceeds the maxtmum detected vahte (denoted by a "0" next to the EPC) or (he site data scl contains fewe' Ihan 4 samples, (he maximum directed value b subslituted as ihe EPC. 

' CEB (chemical exceeding background) - the maximum detecied resull b p c a t a (han or equal (o two ibncs Ihe backgnund mean; bk (backpcund) - (he maximum detected resutt b less than (wo times lhe background mean; ANOVA - analysb of variance 

determines ihal (he site and background data sets come from (he same populalion. 

* • Not applicable (note: background comparison not conducted for organic compounds) 
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5- Table 4-78. Suminary Stalistlci and Exposure Point Concentrations for Surface Water at Study Area 21 - Red Water Ditch 

Alabania Army Ammunil lon Plant, Childersburg, Alabama 

T i 
n 
O 

Run Time: 6:13:18 PM 

VO 

Run Date: 3/29/99 

Exposure Unit: 2 1 _ W S I 

Panmcter 

Aluminum 

Aniimony 

Anenic 

Barium 

Caldum 

Iron 

Lead 

Ma^Ksium 

Potassum 

Sodium 

Zinc 

Acelone 

Cartion Disulfide 

Chlorofonn 

Toluene 

Proporiion ofDetects 

ADSampW 

Unitt 

MgO. 4 / 4 

f t i t 1 / 4 
Ml /L 3 / 4 

| . g ^ 5 / 5 

MgT. 4 / 4 

M g ^ 3 / 5 

MgO. 2 / 4 

f t / t 4 / 4 

MSrt- 5 / 5 

r t i t 4 / 4 

Mgrt- 4 / 4 

M g ^ 1 / 4 

Mg'L 1 / 4 

MB/L 1 / 4 

pgrt. 1 / 4 

Mg'L 1 / 4 

Propounn or Detects 

TemponI & Spatial 

Samplrf 

Frenuency 

o f Detection' 

100% 

25% 

75% 

100% 

100% 

100% 

50% 

100% 

100% 

100% 

100% 

25% 

25% 

25% 

25% 

25% 

NonDctects 

M b CRL' 

.. 
1.00 

1.00 

--
.-

1.3 

.. 
--

• • 
21 

13 

0.50 

0.50 

0.50 

MaxCRL' 

.. 
1.00 

1.00 

-. 
.. 
.. 
1.3 

.. 

-• 
21 

30 

1.00 

0.50 

0.50 

Detects 

Minimiiin 

544 

2.0 

1.7 

J9 

7,050 

503 

1.3 

1.580 

121 

1.570 

1,350 

23 

41 

2.9 

2.0 

1.00 

Maxiinum 

2.210 

2.0 

IOD 

83 

23.000 

7,460 

6.2 

5,940 

1.800 

7,150 

9,010 

23 

41 

2.9 

2.0 

1.00 

Aritiimetic 

Mean' 

1,278 

0.87 

3.6 

54 

15.395 

2.755 

2.2 

3,608 

1,174 

3,565 

4,468 

14 

17 

0.98 

0.69 

0.44 

Standanl 

Deviation' 

819 

0.73 

4 3 

12 

8.177 

1.910 

2.7 

2,086 

716 

2.564 

3,636 

6.4 

16 

1.3 

088 

0.38 

Distribution' 

Noma l 

Lognormal 

Normal 

Normal 

Normal 

Normal 

Lognormal 

Nomtal 

Normal 

Normal 

Nornial 

Lognonnai 

Noimal 

Lognotmal 

Lognonna) 

Lognonnai 

95V. UCLo f 

Arith. Meati ' 

2.242 

5.7 

8.7 

61 

25,017 

5.002 

209 

6,062 

2.017 

6.582 

8,745 

29 

36 

180 

46 

3.0 

Exposure 

Poinl 

Cotioentration 

2.210 

2.0 

8.7 

68 

23.000 

5.002 

6.2 

5,940 

1.800 

6.382 

8,745 

23 

36 

2.9 

2.0 

1.00 

P 

a 

P 

P 

P 

P 

P 

« 
P 

P 

2 x B K 

Mean' 

309 

2.7 

1.4 

78 

63.167 

642 

18,470 

355 

2.197 

8,555 

.. 

Background 

Comt»risoi^ 

( C E B ) . 

(bk) 

(CEBIANOVA) 

(CEBIANOVA) 

(bkl 

(CEBl 

(CEBl 

(bkl 

(CEBIANOVA) 

(CEBl 

(CEBIANOVAI 

(CEB) 

(CEB) 

ICEB) 

(CEB) 

(CEB) 

' For the Troportion of Detects - AO Samples'ootumn, counts were based OP the unavenged dau SCL 

For the "Pn^torikm o f Delects - Temporal and Spatial Samples" and the "Frequency ofDeteclion** cohmuts. counts were based on (he averaged data set (e.g. groundwata samples from Ihe same weO were averaged). 

'CRL- contract reporting limil. 

'Nondetects were treated as one-halfthe detection limti in the calculation ofthe site and backgroimd (BK) arithmetic means, standard deviation, and 95% upper confidence limil (UCL). 

* D h t r ^ l i o n s for (he calculation ofexposure po'im concentrations (EPCs): t ) I f fewer ihan 4 samples arc available in lhe site data set. Ilndelerminetf' Is indicated and lhe 9S%UCL u calculaled based on a lognormal distribution. 2) I f ihe normal 

foodness-oF-fll test ooefftdent Is peater than U K ait ical value, the distribution b normal. 3> I f lhe togmrmal goodt«s8-oFfit test coefficient b p v a t n than the crUioA value, the dbtribution b lognormal. 4) I f t t t i i ha ofthe goodness-of-fli 

(CSl coefllctents b greata than (he cri(ical vshie. (he dbtribulion b assumed to be bgnonnal. 

' The EPC B the 93% UCL ofthe arithmetic mean with 3 exceptions: i f the 95% UCL exceeds the maximum detected vahic (denoted by a "#" nexl lo the EPC) or Ihc siie data set oonuins fewa than 4 samples, (he maximum detected value b subslkuted as the EPC. 

' C E B (chemical exceeding background) • tbe maxtmum detected resull b p e a t a than or equal to Iwo times (he background mean; bk (background) - thc maximum detecied result b kss Ihan two times the background mean; ANOVA • analysb o f variance 

determines that the she and background dau seti come from (he same population. 

- • Not applicable (note: background comparison not cortductcd (b ro rga j ^ compounds) 
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Results of Field Investigations 

Metals—^Nine metals exceeded background in 
the Study Area 21 surface water samples, as shown in 
the adjacent box. CEB concentrations of aluminum 
(544 to 2,210 \ig/L) were detected in all ofthe Study 
Area 21 samples. The maximum concentrations for 
lead and zinc were detected in sample SW-21-014 
located at the eastem end ofthe Red Water Ditch. The 
maximum observed concentrations of iron and 
potassium occurred in sample SW-21-004 located at 
the westem end ofthe Red Water Ditch. 

Maximum Concentiations* | 
Anaiyte 

Aluminum 
Arsenic 
Barium 
Iran 
l^ad 
Manganese 
Potassium 
Sodium 
Zinc 

Ufl/L 
2,210 

10 
83.3 
7.460 
6.18 
1,800 
7.150 
9,010 
23.4 

* Metals aiso detemnined to exceed backgraund based on 
ANOVA evaluation are shown in bold. 

c 

Maximum Concentrations | 
Analyte 

Acelone 
Cartxin Disulfide 
Chlorafomi 
Toluene 

usH 
41 
2,9 
2 
1 

Explostyes—Explosives compounds were not detected in surface water samples collected at 
Study Area 21. 

VOCs—Isolated concentrations of four VOCs 
(acetone, carbon disulfide, chloroform, and toluene) 
were detected in the surface water within the Red 
Water Ditch drainage in samples SW-21-001, 
SW-21-004, and SW-21-014. The maximum 
concentrations are shown in the adjacent box. 
Acetone was detected in SW-21-004, and carbon disulfide was detected in sample SW-21-001. 
Both chloroform and toluene were detected only in SW-21-014. 

SVOCs—SVOCs were not detected in surface water samples from Study Area 21. 

Summary - Surface water quality in the Red Water Ditch was characterized by the analysis 
ofsamples from four locations. Nine metals that exceed background were detected in.upsfream and 
downsfream samples. Isolated concentrations offour VOCs were variably detected in surface water 
samples from the Red Water Ditch. Explosives compounds were not detected in the ditch drainage. 

c 

4.6.5 Study Area 26-Crossover Diteh 

During Phases 1 and 2 of the Supplemental Rl, surface water samples were obtained from 
nine locations (BW-26-002, SW-26-003, SW-26-005, SW-26-006, SW-27-007, SW-27-008, 
SW-27-035, SW-27-036, and SW.27-037) along the Crossover Ditch alignment in the westem 
portion of the installation. Samples were analyzed for metals, explosives, VOCs, and SVOCs. 
Table 4-79 presents the summary statistics for the detected constituents at Study Area 26. 
Figure 4-46 shows the general contaminant group CEBs that were detected. 
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Run Time: 6:28:23 PM 

Run Due: J/29/99 

Exposure U i i t : 2 6 _ W S I 

Piramcfcr UrrlB 

Proponion o f Detects 

An Simples' 

Proportion of Detecu 

TemponI A Spatiil 

Sampia^ 

Freqiiency NonDetects Detects 

OfDeteclion' M inCRL ' M u C R L ' Minimum M u i m u m 

Arilhmelic 

Mean' 

Standard 

Deviation' DBtribtrtion* 

93% UCL of 

A i i tKMean ' 

Exposure 

Point 

Concentration' 

2 > B K 

Mean' 

Background 

Comparisori 

> 

! 
O 
O 

Table 4-79. Summary Statistics and Exposure Point Concentrations for Surface Water at Study Area 26 - Crossover Ditch 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Aluminum 

Aiietac 

Barium 

Calcium 

Iron 

Lcad 

Magnesiuni 

Manganese 

Potassaim 

Sodium 

2,4-Dtmtro(oIuene 

Carbon Disulfide 

Caitnn Tetrachloride 

Chloroform 

Methylene Chloride 

Tohiene 

Mg/L 

flit 
PS'L 

PS/L 

flit 
fli t 

Mgl . 

I t l f t 
f t / t 
pg/L 

M g ^ 

M » ^ 

Mg'L 

Mg'L 

Mg'L 

pg'L 

8 / 9 

9 / 9 

10 / 10 

9 / 9 

10 / 10 

4 I 9 

9 / 9 

10 / 10 

9 / 9 

7 / 9 

I / 7 

I / t 

1 / 6 

. 2 / 6 

5 / 6 

I / 6 

/ 9 

/ 9 

/ 9 

/ 9 

/ 9 

/ 9 

/ 9 

/ 9 

/ 9 

/ 9 

I / 7 

I / 6 

1 / 6 

2 / 6 

3 / 6 

I / 6 

89% 

100% 

100% 

100% 

100% 

44% 

100% 

100% 

100% 

78% 

14% 

17% 

17% 

} } % 

8 } % 

17% 

1.00 

2,290 

0.064 

O30 

0.38 

0.50 

2.8 

0.30 

I.} 

2,290 

0.064 

0.50 

0.38 

0.30 

2.8 

0.30 

161 

2.4 

15 • 

6,950 

1,030 

1,330 

192 

1,360 

l ,)40 

0.17 

2.7 

0.74 

0.71 

2.3 

l . l 

1.710 

7.3 

1)1 

34,700 

8,370 

2.J 
10.600 

7.240 

3410 

4,930 

0.17 

2.7 

0.74 

1.5 

3.4 

l . l 

463 

4.3 

51 

21.350 

3,487 

5.761 

1,150 

2.398 

2,829 

0.051 

0.66 

0.37 

0.54 

2.5 

0 ) 9 

322 

1.9 

26 

10,411 

2.453 

0.67 

3.349 

1,313 

612 

1,454 

0.032 

1.0 

0.18 

0.51 

0.64 

0 ) 5 

Lognonnai 

Normal 

Normal 

Nonnal 

Nonnal 

(.ognonnal 

Nonnal 

Lognormal 

Normal 

Nonn i l 

Lognonnai 

Lognormal 

Lognormal 

Lognonnai 

Normal 

Lognormal 

1,283 

5.3 

68 

28,00) 

5.008 

1.8 

7.837 . 

3,471 

2,777 

3,730 

0.100 

3.4 

035 

1.7 

3.1 

084 

1,285 

5.3 

68 

2S,00) 

3,008 

1.8 

7,837 

3,471 

2.777 

3,730 

O.IOO 

2.7 

0.55 

1.5 

3.1 

0.84 

309 

1.4 

78 

63,167 

642 

18,470 

)55 

2,197 

8.535 

[CEBIANOVA] 

ICEB] 

(CEBIANOVAI 

(bkl 

ICEBl 

[CEBJ 

Ibk l 

ICEBl 

[CEB] 

Ibk) 

(CEBl 

ICEB) 

ICEBl 

(CEBl 

(CEBl 

(CEBl 

' For Ihe "Proponkm of Detects - AD Sainples" column, counis were based on the unavenged tlala BcL 

' For thc "Propoflkin of Dctecis • TemponI and Spatial Samples" and Ihe Tiequency o f Detection" columns, counts were based on lhe avenged dau set (c.g, pnundwitcr samples ftom the same wd l were avenged). 

' C R L - o n t i a c t reponing Kmii 

'Nondetects were n a l e d as one-halflhc detection limit In lhe cakulation of ihe site and bactgniuni (BK) aiihmelh: meam, itandaid deviation, and 95% upper confidence limit (UCL). 

' Distiftutknis for the calculation o f exposure point concentiations (EPCs): I ) Iffewer than 4 samples are available in Ihe l i te data set, "Undeteimined" is indicaled and the 95%UCL is cafculated based on a lognonnai dishibulion. 2) If the nonnal 

goodness-otlb l a t cocdkicnt is peater than the cnlical vahie. the disoibulion is nonnal. 3) I f lhe lognoimal goodncss-of-fll test ajctTiciuil is gtcater than the critical vahw, the distribution is fognontiiL 4) Ifneither ofthe goodness-of-fil 

tesl coefficients is greater Ihan the crilicat value, the distnbution b assumed to be bgnonnaL 

' Thc EPC b the 95% U C L o f the arithmelic mean with 2 exceptions: ifthe 95% UCLexcccds die m u i m u m detected value (denoted by a "0" nexl to the EPC) or the site data set contains fiewer than 4 samples, the mu imum detected vahie b subslituted as the EPC. 

' C E B (chemical exceeding background) - the m u i m u m detected resuh b greater than or equal to two times Ihe background mean; bk (background) - Ihe m u i m u m delected result b less than two limes the background mean: ANOVA - analysb o f variance 

determines that the site and background data sets come fiom the same populaiioa 

• - Not applicable (note: background compvison not conducted f ix oiganic compounds) 
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Results of Field Investigations 

Maximum Concentrations* | 
Analyte 

Aluminum 
Arsenic 
Barium 
lion 
Lead 
Manganese 

Potassium 

MB/L 
1,710 
7.52 
132 

8,370 
2.27 

7,240 
3,510 

* Metals aiso detemnined to exceed bacKgnjund tjased on 
ANOVA evaluation are shown In bold. 

Metals—Seven metals were detected above 
background concentrations in the Study Area 26 
surface water samples. Arsenic concentrations 
exceeding background were distributed over the length 
of the Crossover Ditch drainage, with the maximum 
concentration detected in sample SW-27-037 located 
west of Study Area 18. Manganese (192 to 
7,240 iig/g) exceeded background in samples from all 
locations except two (SW-26-005 and SW-27-007). 
Lead (1.11 to 2.27 ng/g) was a CEB at all four 

locations along the length of the ditch (SW-26-003, SW-27-008, SW-27-035, and SW-27-037) 
where it was detected. Iron (1,030 to 8,370 ng/L) and potassium (1,560 to 3,510 ng/L) were 
detected above background concentrations in the Crossover Ditch drainage. 

Explostyes—An isolated concentration of 2,4-DNT (0.169 ng/L) was detected in one 
surface water sample (SW-27-007) located at the confluence of creek tributaries flowing north to 
the Crossover Ditch from Study Area 20 and west from Study Area 17. 

VOCs—Five VOCs were detected in the Study 
Area 26 surface water samples. Carbon disulfide, 
carbon tetrachloride, and toluene were detected in 
surface water samples SW-26-006, SW-26-007, and 
SW-27-005, respectively. The samples were taken 
from within a portion of the Crossover Ditch that is 
immediately north of Study Area 20. Chloroform was 
detected in two ofthese samples (SW-26-006 and SW-27-007) north of Study Area 20. Methylene 
chloride (2.5 to 3.4 ng/L) was detected in five of the samples (SW-26-003, SW-26-005, 
SW-26-006, SW-27-007, and SW-27-008) that were located along the ditch drainage between 
Study Areas 3 and 18. 

SFOCs—SVOCs were not detected in the surface water sampled from the Crossover Ditch. 

Maximum Concentrations | 
Analyte 

Cartxjn Disulfide 

Carton Tetrachloride 
Chloroform 
Methylene Chloride 
Toluene 

Mfl/L 
2.7 
0.74 , 
1.5 
3.4 
1.1 

c 

Summary—Aluminum, arsenic, barium, iron, lead, manganese, and potassium were 
detected in the surface water samples above the background concentrations. Arsenic, iron, lead, 
manganese, and potassium concentrations exceeding background were distributed over the length 
of the Crossover Ditch. Surface water samples were obtained from nine locations along the 
Crossover Ditch alignment in the westem portion of the installation. Isolated concentrations of 
carbon disulfide, carbon tetrachloride, chloroform, and toluene were detected in surface water 
samples SW-26-005, SW-26-006, and SW-27-007 located within a portion ofthe Crossover Ditch 
that is located immediately north of Study Area 20. Methylene chloride was detected in five ofthe 
samples. SVOCs were not detected in the surface water samples. An isolated concentration of 
2,4-DNT was dietected in surface water at sample location SW-27-007. 
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Results of Field Investigations 

4.6.6 Study Area 27^Beaver Pond Drainage System 

Surface water quality in the drainage and ponds associated with the east and west Beaver 
Ponds was characterized by the analysis ofsamples obtained from eight locations (SW-27-010, 
SW-27-011, SW-27-013, SW-27-015, SW-27-016, SW-27-020, SW-27-021, and SW-SP-012), 
including locations within the ponds, at a seep located between the east and west Beaver Ponds, at 
the pond periphery, and at downgradient areas of ponded drainage. Samples were analyzed for 
metals, explosives, VOCs, and SVOCs. Figure 4-46 shows the general contaminant group CEBs 
that were detected at each location. Table 4-80 presents the summary statistics for the detected 
constituents in surface water at Study Area 27. 

3 

Metals—Seven metals exceeded background in 
the Study Area 27 surface water samples, as shown in 
the adjacent box. CEB concentrations of aluminum, 
barium, lead, and zinc were solely detected in the seep 
discharge at sample location SW-SP-012. The 
maximum concentrations of arsenic, manganese, and 
iron also were detected in sample SW-SP-012. 

Explostyes—Eight explosives were detected in 
the Study Area 27 surface water samples (see adjacent 
box). Explosives compounds were detected 
predominantly in the seep sample (SW-SP-012) 
located between the east and west Beaver Ponds. TNT 
(10.5 ng/L), 2,4-DNT (0.104 to 3.18 ng/L), 2,6-DNT 
(0.291 to 0.323 ng/L), nifrobenzene (7.32 to 
13.8 ng/L), o-nitrotoIuene (3.46 to 5.75 ng/L), 
p-nifrotoluene (3.12 to 5.59 ng/L), and the explosives 
breakdown products 2-A-4,6-DNT (0.965 to 
6.02 ng/L) and 4-A-2,6-DNT (6.96 ng/L) were 
detected in the seep: discharge. 2,4-DNT (0.104 ng/L) 
SW-27-020 near the Coosa River. 

1 Maximum Concentrations* . | 
Analyte 

1 Aluminum 
1 Arsenic 

Barium . . 
1 Iron 

Lead 
Manganese 

Zinc 

* Metals also determined to exceed background 
ANOVA evaluation are shown in bold. 

pg/L 
3,660 
3.12 
79.7 
8,420 
16.5 

6,300 
22.4 

basedon 

1 Maximum Concentrafions | 
Analyte 

2.4-DNT 
2,6-DNT 
2-A-4,6-DNT 

4-A-2,6-DNT 
Nitrobenzene 
o-Nitrotoluene 
p-Nitrotoluene 
TNT 

pg/L 
3.18 
0.323 
6.02 
6.96 
13.8 
5.75 
5.59 
10.5 

3 

also was detected in surface water sample 

VOCs—Thiee VOCs were detected in the 
Study Area 27 surface water samples, as shown in the 
adjacent box. Isolated concentrations of acetone 
(23 ng/L) and carbon disulfide (1.7 ng/L) were 
detected in samples SW-27-010 and SW-SP-012, 
respectively. Concentrations of toluene (0.54 to 2.2 ng^L) were broadly distributed in the samples. 

Maximum Concentrations I 
Analvte 

Acetone 
Carbon Disulfide 
Toluene 

Mfl/L 
23 
1.7 
2.2 

SVOCs—B2Em (5.8 ng/L) was detected in the surface seep sample (SW-SP-012). 
other SVOCs were detected. 

No 

3 
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Table 4-80. Summary Slatii l lu and Exposure Point Concentrations for Surface Water at Study Area 27 - Reaver Pond Drainage System 
Alabama Army Ammunition Plant, Childersburg, Alabama 

T) n -a o 

a 

i i unnme:6 : }6 :44PM 

Run Date: J/29/99 

Exposure Unit: 27_WS1 

Panmcter 

Ahimtnum 

Antimony 

Arseiac 

Barium 

Calcium 

Iron 

Lead 

Magnesium 

Manganese 

Potassum 

Sodium 

Zinc 

2,4,i-Trinilrotoluene 

2,4-DtiiJlrotoluene 

2.6<Dinitrotoluenc 

2-Amina-4.6'Oir,ilrofoluene 

4'Amtno-2,6-DinttrololuetK 

Acetone 

Cartion Disulflde 

Toluene 

bls(2-EUiyniciyl)phl)alale 

o-NitrotohietK 

Unils 

f i n . 

ligrt. 

p g ^ 

HS^ 

Mt/L 

Ml/L 

MS/L 

P8/L 

MS'L 

| l e ^ 

f i n . 
fsn. 

f t / t 

f t n . 

f t n -
f t / t 
f W t 

f i n . 

f i n . 

f t / t 

f l i t 
f i n . 
f t / t 

f t n . 

Proponio n of Delects 

A l lS tmp la -

Propoition of Dclecli 

Tempora l * Spatial 

Samplod -

Fre(|uency 

or Detection' 

25% 

13% 

38% 

100% 

100% 

100% 

13% 

100% . 

100% 

8«% 

100% 

13% 

13% 

2J% 

13% 

13% 

13% 

13% 

13% 

13% 

100% 

13% 

13% 

13% 

NonDctects 

MinCRL ' 

141 

1.00 

1.00 

.. 
--

1.00 

--
375 

--
21 

0.64 

0.064 

0.074 

0.16 

1.6 

13 

0.50 

065 

4.8 

0.41 

l. l 

MaxCRL' 

141 

1.00 

1.00 

.. 
• -
-. 
1.3 

-. 
--

IOOO 

--
36 

0.64 

0.064 

0074 

0.16 

1.6 

29 

0.50 

0.65 

.-
9.1 

0.41 

l. l 

Detects 

Minimum 

35 

l . l 

l . l 

20 

9,480 

293 

17 

2.260 

138 

1.010 

1.150 

22 

I I 

O.IO 

0.29 

0.97 

7.0 

23 

1.7 

7.3 

0.54 

3.8 

3.5 

3.1 

Maximum 

3.660 

l . l 

3.1 

80 

54.300 

8,420 " 

17 

9.100 

6,300 

1,960 

4.860 

22 

I I 

J.2 
032 

6 0 

7.0 

23 

1.7 

14 

2.2 

5.8 

5.8 

5.6 

Aril lmctic 

Mean' 

304 

0.54 

091 

46 

21,929 

1.656 

1.6 

5.614 

1,308 

1,206 

2.138 

12 

0.95 

0.38 

0.071 

031 

1.2 

11 

0.43 

1.6 

l . l 

3.1 

075 

1.0 

Slandard 

Deviation' 

624 

O i l 

066 

23 

11.171 

2,347 

2.8 

2.058 

1,718 

552 

1,215 

3.4 

I.S 

0.96 

O095 

1.2 

l . l 

5.8 

0.51 

3.6 

0.68 

1.3 

1.6 

1.3 

DbtribJtion' 

Logncnnal 

Logncfmal 

Logncfmal 

Nonnal 

Nonnal 

Logncnmal 

Logmvmal 

Normal 

Lognnmal 

Normal 

Logmiimal 

L o ^ M m a l 

Lognonnai 

Losniinitai 

Lognomal 

Lognormal 

Ixigninnal 

Lognomial 

Lognxmal 

Lognsrmal 

totnyrmal 

Lognjrmal 

Lognormal 

l.ogn3iTnal 

95% UCL or 

Arilh. Mean' 

1,191 

0.61 

1.7 

61 .' 

29,412 

6,082 

' 4.1 

6.992 

7,444 

1,576 

3,240 

14 

2.7 

4.2 

014 

28 

1.9 

16 

080 

7.0 

1.9 

4.1 

2.6 

2.0 

Point 

Concentration' 

1,191 

061 

1.7 

61 

29,412 

6,082 

4.1 

6,')92 

6,100 • 

1.576 

3,240 

14 

2.7 

y.2 # 

• 0.14 

2.8 

1.9 

16 

0.80 

VO 

1.9 

4.1 

2.6 

2.0 

2 x B K 

Mean' 

309 

2.7 

1.4 

78 

63,167 

642 

18,470 

355 

2.197 

8,555 

-• 
.. 
.. . 

.. 

.-
--

Background 

Comparisori 

ICEBIANOVA) 

Ibkl 

ICEBIANOVA] 

(CEBIANOVAI 

Ibk) 

(CEBIANOVA) 

(CEB) 

(bk) 

ICEB) 

Ibk) 

(bkl 

(CEB) 

(CEBJ 

' ICEBJ 

ICEB) 

(CEBJ 

(CEBl 

(CEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

' For the "Proportion o f Detects - A l Samplea" column, counts were based onthe unavcnigod data set. 

For the Troportion of Detects - Temporal and Spatial Samples'* and the "Frequency of Detection" columns, counts were based on ihe averaged dau set (e.g,, groundwater samples (ram the same weO were averaged). 

*CRL • contract reporting limil. 

' Nondetects were treated as one-halfthe deteaion limh in ihe calculation o f the site and backgroimd (BK> arithmetic means, standanl deviation, and 95% upper confidence limil (UCL). 

* Distributions fbr the calculation ofexposure poinl conccntnlkira (EPCs); I ) I f fewer than 4 samples ane available inihe site dau set. Undetemiined" is indicated an i the 95%UCL is calculate} based on a lognormal distribulion. 3) I f lhe normal 

goodncss-otfit test coefBctent b p«ater than the criiical value, thc distribulion is nonnaL 3) i f lhe lognonnai goodness-of-fil lest coefTicient is greater than the critical value, the distn'bution is lognonnai. 4) Ifneilher ofthe goodness-of-fit 

lest coeffidents ts greater than (he critical vahie, the distribution is asaumed lo be bgmnnal. 

The EPC if the 95% UCL o f Ihe arithmetic mean with 2 exceptions: i f the 95% UCL exceeds the maxtmum detected value (denoted by a " T next to the EPC) or the site data set conUins fewer than 4 umples, the maximum delected value is substituted as the EPC. 

'CEB (ctvmicat exceedii^ badtground) - the maximum detected resull i t grealer than or equal to two times ihe background mean;- Mt (background) • ihe mu imum detected result b less ihan hro limes ihc background mean; />.NOVA - ansb^is o f variaiKc 

determines ihat lhe site and background dau sets come from the same population. 

- - Not applicable (nott: background comparison not conducted for organic compounds) 
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Results of Field Investigations 

Summary—Surface water quality in the drainage and ponds associated with the east and 
west Beaver Ponds was characterized by the analysis ofsamples obtained from within the ponds, at 
a seep located between the east and west Beaver Ponds, at the pond periphery, and at downgradient 
areas of ponded drainage. Aluminum, arsenic, barium, iron, lead, manganese, and zinc were 
detected at concentrations exceeding background in the Beaver Pond Drainage System. Sample 
SW-SP-012 from the seep discharge contained the highest concentrations of metals. Isolated 
concentrations of acetone and carbon disulfide were detected in samples SW-27-010 and 
SW-SP-012. Concentrations of toluene were broadly distributed in the Beaver Pond Drainage 
System samples. B2EHP was detected only in the seep sample. Explosives compounds were 
detected predominantly in the seep sample. TNT, 2,4-DNT, 2,6-DNT, nitrobenzene, 
o-nitrotoluene, p-nitrotoluene, and the explosives breakdown products 2-A-4,6-DNT and 
4-A-2,6-DNT were detected in the seep discharge. 2,4-DNT also was detected in surface water 
sample SW-27-020 near the Coosa River. 

4.6.7 TalladegaCreek 

Surface water quality in Talladega Creek was assessed by analyzing samples obtained from 
two locations (SW-TA-023 and SW-TA-024) along the creek south of ALAAP. Samples were 
analyzed for VOCs, SVOCs, pesticides, metals, and explosives. Figure 4-46 shows the general 
contaminant group CEBs that were detected at each location. Table 4-81 presents the summaiy 
statistics for the detected constituents in the Talladega Creek surface water. 

Metals—Metals concentrations in surface water samples from Talladega Creek did not 
exceed background. 

Explostyes—Explosives were not detected in the surface water samples collected from 
Talladega Creek. 

VOCs—VOCs were not detected in the surface water samples from Talladega Creek. 

SVOCs—Diethyl phthalate (3.4 ng/L) was detected in surface water sample SW-TA-024. 

Pesticides—Pesticides were not detected in the surface water samples collected from 
TalladegaCreek. 

Summary —Surface water quality in Talladega Creek was assessed by analyzing samples 
obtained from two locations along the creek south of ALAAP. Metals concentrations in surface 
water samples from Talladega Creek did not exceed background at the sampled locations. VOCs, 
pesticides, and explosives were not detected in the surface water samples from Talladega Creek. 
An isolated concentration of diethyl phthalate was detected in surface water sample SW-TA-024. 
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Table 4-81. Summary Stallstlcs and Exposure Point Concentrations tor Surface Water at Study Aren TA - TaUadega Creek 

. Alabama Army Ammunidon Plant, Childersburg, Alabama 

Runr ime:7 :3 l ;39PM 

Run Dste: 3/29/99 

Exposure U i i l : T A _ W S I 

P m m a t f 

Proportion of Detects 

ADSsmplcs* 

UniB 

Proportion of Detects 

Tcmporsl A Spalial 

Atumtmun 

Barium 

Caldum 

Iron 

Mai^Ksium 

Marrganese 

Polnsstim. 

Sodium 

Diethyl Phlhalale 

Pgt-

pg/L 

f i n . 

pgO, 

M»/L 

Mg'L 

pg/L 

f l i t 

\-

Fniquencx NonDelects Defects Arilhmetic Slandanl 

ofDttectton* MinCRL ' MaaCRL' Minimum Manmum Mean* Devialion* DislribiMion' 

9 3 H U C L o f 

ArilK Mean* 

Exposure 

PciinI 

Concentration 

2 i B K 

Mean' 

Background 

Comparisor/ 

3 0 % 

lOOW 

lOOK 

100% 

100% 

100% 

100% 

100% 

5 0 % 

141 

-. 
--
-. 

-. 
-. 
-. 
2.0 

181 
21 

26.700 

230 
13,700 

57 
1.360 

5,230 

3.4 

IBI 
21 

26,900 

255 
13,800 -

57 
1,560 

5.890 

3.4 ' 

Undeteimined 

UndcteiTnincd 

Undetemined 

Undetemined 

Undetemined 

Undetermined 

Undetermined • 

Undetermined 

Undcterminod 

131 

}.l 

26.900 

255 

13.800 

.•17 

1,560 

5.890 

J.4 

309 

78 

63.167 

642 

18,470 

355 

2,197 

8.555 

Ibk] 

(hk) 

Ibk) 

(bkl 

[bkl 

Ibk) 

(bk) 

(bk) 

ICEB) 

* For Ihe Troporthxr or Detects - AD Samples' cohimn, counts were based on Ihe unavenfed dau set. 

^ For Ihe "Proponion ofDetects • Temporal and Spatbl Samples" and Ihe "Frequency o f Detection" cohmuis, coui t t w e n based on Ihe averaged dala set ( e g , groundwata sampks ttom the same weD were averaged). 

' C R L ' contract reporting limit. 

'Nondetects were mated as one-halfthe deloction l imil m the cakulation o f Ihe site and background (BK) arithmetic means, standaid devialion, and 95% upper confidence limit (UCL). 

' Dtslribolions Ibr lhe otculalion orexposurr point concentraliom (EPCs): 1) I f fewer than 4 samples are available hi Ihe site data sd , TJndelemilned" b Indicaled and die 95%UCL h calculalal based on a lognofmal distribuliun. 2) I f lhe nonnal 

goodness.or.fit tcsl coefficient is pealer Ihan Ihe critical vahie. Ihe distribution Is noimal. 3) I fdie tognormal goodnessH)f.(ii test coefficiem Is fftaui Ihan Ihe criiical value, Ihe disbibuiion ts tognoimal. 4) Ifneilher ofthe goodncss-of-Hi 

test coefficlcnis b greater than the critical vahie. the distribution b assumed u> be bgnonnal. 

' The EPC E U K 95% U : L o f the arithmetic mean vHih 2 exceptioraMf the 95% UCL cicteds the maxbnum detecied value (denoted by a "IT nexl 10 the EPC) or the sile dau set comains fewer Ihan 4 ^ 

' C E B (chemical exceeding background) - the maximum detected result b grealer than or etpial to two lanes OK background mean; bk (background) - the maiimum detected resull b less I h u Itro times the background mean; A,NO VA • analysb o f variance 

tfcfeiiiiiiKMtfttf lhe rite anrf fcacigiuuiaf d i a sefscfwieifam die same popfrfi/iort 

- • Nof applicable (note: background comparison not conducted for of]{aiilc compounds) 
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Results of Field Investigations 

Maximum Cont»ntrattons* | 

Analyte 

Aluminum 

Arsenic 

Iron 

van. 
603 
1.42 

782 

4.6.8 CoosaRiver 

Surface water quality in the Coosa River was assessed by analyzing samples obtained from 
five locations (SW-CO-030 to SW-CO-034) along the river adjacent to ALAAP. Figure 4-46 
shows the general contaminant group CEBs that were detected at each location. Samples were 
analyzed for metals and explosives. Table 4-82 presents the summary statistics for the detected 
constituents in the Coosa River surface water. 

Metals—Aluminum (189 to 603 |ig/L), arsenic 
(1.17 to 1.42 |ig/L), and iron (227 to 782 ng/L) were 
detected at concentrations exceeding background in the 
Coosa River. The elevated metals concenfrations were 
detected in samples S W-CO-031 and SW-CO-033. • ANOVA evaluation (jetemnined ttiat none of ttiese metals 

exceeds tiackground. i 

Explostyes—Explosives were not detected in the surface water samples collected from the 
Coosa River. 

Summary—Surface water quality in the Coosa River was assessed by analyzing samples 
obtamed from five locations along the river adjacent to ALAAP. Aluminum, arsenic, and iron 
exceeded background. Explosives compounds were not detected in the surface water samples 
collected from the Coosa River. 

4.6.9 Surtace Water Quality Summary 

Surface water was sampled from drainage areas (Red Water Ditch, Crossover Ditch, and the 
Beaver Pond Drainage System), Talladega Creek, and the Coosa River to determine if previous 
activities at Area B of ALAAP have impacted the water quality. In addition, limited sampling was 
conducted in the Aniline Sludge Basin and an area of ponded drainage associated with the Flashing 
Ground. Comparisons of chemical data were made to background surface water sampled from 
selected locations at Talladega Creek and Fanning Creek. 

The chemicals that were detected in the background samples and at concentrations 
exceeding background in the study area, Talladega Creek, and Coosa River surface water samples 
are shown in Table 4-83. CEB metals were detected at all sampled surface water study areas, 
Talladega Creek, and the Coosa River. Aluminum, arsenic, iron, lead, and manganese were the 
most frequently detected CEB metals. 

CEB metals were detected at all locations along the Red Water and Crossover Ditches. 
CEB metals concentrations in study area samples were highest in the sample collected from the 
seep discharge between the east and west Beaver Ponds. Metals exceeded background at two ofthe 
Coosa River sampling locations. Metals did not exceed background in the two Talladega Creek 
samples. 
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Table 4-82. Summary Statistics and Exposure Point Concentrations for Surface Water at Study /irea CO - Coosa River 

Alabama Army Ammunition Plant, Childersburg, Alabama 

2" 

tv> 

00 

Run Time: 6:56:23 PM 

Run Dale: 3/29/99 

Exposure Unit; C O _ W S I 

Panmcter Unils 

Proportion ofDetects 

AUSimpka" 

Proportnn o f DctKIs 

Temporal A Spatial 

Samples' 

Frequency NonDelects Detects 

ofDctecInn' MfaiCRL' MaxCRL' Minimum Maxbnum 

Arilhmetic 

Mean' 

Standard 

Deviation' Dbtribulion' 

95% UCLof 

Arilh. Mean' 

Expoaure 

Point 

Concentnlion' 

2 > B K 

Mean' 

Background 

Comparisoir 

Ahimtnum 

Anenic 

Baiium 

Calcium 

Iron 

MegtKslam 

Potassum 

Sodhmi 

pg/L 

pg/L 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

189 

1.2 

41 

15,800 

227 

4,390 

103 

1,300 

3,680 

603 

1.4 • 

53 

16,900 

782 

5,370 

295 

1,790 

3,920 

313 

13 

46 

16,260 

398 

4,638 

179 

1,472 

5,806 

178 

0.090 

4.5 

404 

238 

403 

77 

196 

94 

Niimial 

Nonnal 

Ni>nnal 

Nijimal 

Nvma l 

Lognormal 

NrMma] 

Nrumal 

Noroial 

483 

1.4 

50 

16,645 

625 

5,178 

252 

1,659 

5,895 

483 

1.4 

50 

16,643 

625 

5,178 

252 

1,659 

5,895 

309 

1.4 

78 

63,167 

642 

18,470 

355 

2,197 

8,555 

ICEBIANOVA) 

(CEBIANOVA) 

(bk) 

Ibk) 

ICEBIANOVA) 

(bk) 

Ibk) 
Ibk) 

Ibk) 

* For Ihe "PrOfXNlion of Detects • Ai Samples" column, counis were based on Ihe unaveraged data set. 

'For Ihe "PrapiMion cf C)etecb • TemponI and Spatial Simpb* and Ihe "Frequency of Dctectnn" oolomits, ootints iwrc based on Ihe a w r ^ 

*CRL - contract reponing limit 

' Nondetects were lieiied as ow-hair Ihe detection limti in the calcubtion of thc site and background (BK) arilhrnetic means, stardard devialion, and 95% upper confidence limil (U^ 

'Otsnibullom for Ihe caiculalion ofexposure point conccnnalions (EPCs); I) Iffewer than 4 samplei are available in Ihe sile dala sel. IJndelemiined" b indicaled and lhe 95%UCL is cakuUled based on a lognoimal dbtrflnilion. 2) If thc normal 

goodness-oMit test coefllcienl b peater than Ihe critical value, the dbtribulion u normal. 3) Iflhe lognonnai goodness-of-fit tcsl cncfRcienl b greater than Ihe critical value, Ihe disbribulî in U kignoniul. 4) Ifneilher ofihe gODdncH-of-fit 

test coeflkienls b grealer than Ihe criiical vahie, the dbtribulion b assumed 10 be bgnormal. 

' The EPC b lhe 95% UCL of tho arithmetic rncan wilh 2 excepfiom; if lhe 95% UCL exceeds Ihe maximum detected value (denoted by a "ff" next to dK EPC) or de site data set conuins finrx than 4 sampte^ 

'CEB (chemical exceeding backgroimd) • the maximum delected result is pealcr than or equti to Iwo limes Ihe background mean; bk (background) • Ihe maximum detected result b kss than two times the background mean; ANOVA - analysb of variance 

determines Ihat the site and background dala seta come Oom the same population. 

-- Nof applicable (note: background comparbon not conducted for organic compounds) 
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Results of Field Investigations 

Table 4-83. Chemicals Exceeding Background in Surfece Water 
Alabama Army Ammunition Plant, Childersburg, Alabama 3 

Chemicals' 

InorgaDics 
Aluminum 
Antimony 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
Sodium 
Zinc 

Explosives 
TNT 
2,4,-DNT 
2,6-DNT 
2-A-4,6-DNT 
4-A-2,6-DNT 
Nitrobenzene 
o-Nitrotoluene 
p-NitrotoIuene 

VOCs 
Acetone 
Benzene 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorofonn 
MEK 
Methyl Chloride 
Toluene 

SVOCs 
B2EHP 
Diethyl Phthalate 

Study Areas 
9 

1 

1 
1 
1 

1 

1 

16 

1 

1 

1 
1 

1 
1 

21 

1 

I 
1 

1 
1 

1 

1 

1 
1 

1 

1 

1 

1 

26 

1 

1 
1 

1 
1 

1 

1 

1 

1 
1 
1 

1 
1 

27 

1 

1 
1 

1 
1 

1 

1 

1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

1 

1 

Talladega 

1 

Coosa 

1 

1 

1 

Background'' 

1 
1 
1 
1 
1 

1 

1 
1 

1 
1 
1 

.1 

1 
1 

' A value of 1 indicates that the chemical exceeded background in surface water. 
' Metals and VOCs that were present in background surface water. 
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Results of Field Investigations 

c 

nitroaromatic compounds (such as TNT) in sediment samples ranged between 3.3 and 1,800 ng/g 
with an average concentration of 5.6 ng/g. Appendix C provides the detailed screening results of 
the transect sediment sampling for Study Areas 5, 9, 21, 26, and 27 (including the east and west 
Beaver Ponds and the Drainage System), Talladega Creek, and the Coosa River. Fanning Creek 
and Little Blue Creek were sampled, but no results were greater than the detection limit of 2.5 jtg/g. 

Sediment results exceeding a screening concentration of 30 ^g/g were detected in isolated 
samples from Study Areas 9 (SD-09-1040), 21 (SD-21-1040), and 27 (SD-27-150D), and were 
generally very localized in extent (see Sheet 3-2 for sample locations). Results of the Phase 2 
sample screening analysis for SD-21-500 were as follows: 4.4 jig/g of DNT and 7.4 ng/g of TNT. 
The presence of additional nitroaromatic compounds was indicated by color changes observed 
during the screening analyses. Colorimetric reactions indicative of 2,4-DNT were observed in four 
samples from Study Area 26, at nondetect (<2.5 ug/g) concentrations. Indicator reactions for tetryl 
were detected in 56 sediment samples from Study Areas 5 (<2.5 Mg/g), 9 (<2.5 to 1,800 pg/g), 
21 (<2.5 to 120 Mg/g), 26 (<2.5 to 12.7 ^g/g), 27 (<2.5 to 9.3 pg/g) and from tributaries to 
Talladega Creek (<2.5 to 8.4 pg/g), and from the Coosa River (<2.5 pg/g). Concentrations (11.9 to 
22.1 pg/g) of DNT (as 2,6-DNT) were indicated in two samples (SD-26-540E and SD-26-550E) 
from Study Area 26. Confirmation of contaminant concentrations was obtained from fixed 
laboratory analysis performed on approximately 10 percent ofthe field-screened samples, and is 
discussed in the following subsections. 

4.7.2 Background Sediment Resulte 

Sediment samples were collected,from two locations to serve as a background comparison: 
Farming Creek (3 samples) and Talladega Creek (10 samples—5 each from 2 transects). Samples 
were analyzed for metals, explosives, VOCs, SVOCs, and pesticides/PCBs. A review of sediment 
data collected from Little Blue Creek indicated that the samples were characteristic of background 
conditions; therefore, these data also were used eis part of the backgroimd data set. These samples 
were analyzed for metals, explosives, VOCs, and SVOCs. Figure 4-47 shows the locations of the 
background sediment samples and analyte groups detected in these samples. Table 4-85 provides 
the sunmiary statistics for all analytes detected in the background sediment samples. 

Metals—Seventeen metals were detected in the background sediment samples including 
alumintun, arsenic, barium, beryllium, chromium, cobalt, copper, iron, lead, manganese, nickel, 
vanadium, zinc, and the essential nutrient metals calcium, magnesium, potassium, and sodiimi. The 
maximum metals concentrations were detected at locations SD-BK-OIE, SD-BC-003, SD-BK-OIB, 
SD-BC-001, SD-BK-02B, SD-BK-02C, SD-BK-02D, and SD-FC-003. 

Explostyes—^Nine sediment samples were collected and screened for explosives fiom 
Farming Creek (three samples) and Little Blue Creek (six samples). Explosives compounds were 
not detected in any of the screening or confirmatory sediment samples collected from the 

d^ background sediment locations. 
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Results of Field Investigations 
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to Table 4-85. Summary Stailiitici and Expoiure Point ConeenlralioiM for Sediment at Study Area BK - Background 

Alabama Army Ammunition Plant, Childenburg, Alabama 

RunTime; ! 2: i J A i P M 

R o n D i K r . W I W 

Exposure U i i l : B K _ D S I 

Parameter 

AluiDimmi 

Ane i i c 

Barium 

Bei>tlium 

Cilcium 

CraOmtUlfi 

Cotall 

Copper 

Iron 

U a d 

M « r w i u m 

M u « « u 

N U e l 

Sodium .. 

Vanadium 

Zinc 

Acelone 

BenaHajutihncefie 

Bcnza<b)nuonnlhene 

Chosene . 

Fluoianlhene 

MctTiyicnc (HuOfidc 

Phenwuhtene 

Pyrene 

Tohiene 

Tou l Oiganic Caibon 

UniU 

f i l l 

f i l l 

f t / l 

f t / l 

f l / l 

f t / l 

f t / t 

f i l l 

M fg 

f i l l 

f t / l 

f i l l 

f t / l 

f i l l 

f l i t 

M f g ' 

f t / l 

f l i t 

f l i t 

f U l 

f i l l 

f i l l 

ft l l 
f i l l 
f t l l 

f i l l 

f t / l 

f i l l 

u fDet t t t i 

AD Sampio' 

6 

3 

18 

18 

16 

16 

16 

16 

16 ; 

16 

18 

18 

16 

16 

16 

16 

16 

16 

16 

16 

17 

17 

17 

17 

16 

17 

17 

16 

16 

17 

Tempoial A Spalial 

Samplea' 

/ 16 

/ 16 

/ 16 

•' 

Frequency 

or Deieclion' 

lOOS 

13% 

100% 

88% 

100% 

8 1 % 

88% 

88% 

. 100% 

56% 

100% 

100% 

56% 

88% 

36% 

100% 

63% 

13% 

13% 

6% 

6% 

13% 

50% 

6% • 

6% 

6% 

38% 

19% 

NonDctecu 

MinCRL ' 

--
13 

-. 
0.25 

21 

2.5 

3.4 

10.0 

--
• -

7.5 

M2 

50 

17 

O032 

0.17 

0.73 

027 

0.17 

0.0062 

0.17 

0.97 

0.002) 

IOOO 

017 

MaxCRL' 

-- . 
13 ' 

0.2) 

43 

2.) 

3.4 

10.0 

7.) 

142 

50 

80 

0.045 

0.17 

0.73 

0.27 

0.17 

0.0067 

017 

0.97 

0.0025 

IOOO 

0.17 

Detecta 

Minimum 

2.450 

5.4 

19 

. 039 

304 

12 

4.8 

4.6 

6,900 

9.8 

219 

140 

I I 

216 

62 

8.0 

59 

0.027 

0.096 

0.37 

0.36 

017 

00047 

0.12 

0.49 

O0025 

14.700 

013 

Maximum 

28,000 

20 

151 

1.6 

2,060 

41 

17 • 

62 

60,000 

42 

1,670 

2,200 

28 

1.180 

282 

. 112 

293 

0.031 

0.33 

037 . 

0.36 

057 

0.0091 

012 

0.49 

0.0025 

23,300 

0.18 

Anthmetic 

Mean' 

12.661 

7.4 

75 

077 

1,075 

23 

9.< 

21 

23,130 

17 

907 

832 

12 

646 

98 

39 

93 

0023 -

O.IO 

0.38 

0.13 

012 

0.0049. 

0.017 

049 

0.0013 

7,781 

0.098 

Slandanl 

Deviation' 

7.594 

3.4 

44 

0.39 

630 

7.9 

5.1 

17 

12,834 

14 

404 

650 

8.3 

382 

87 

25 

81 

O0030 

0.061 

0.031 

0.036 

O I2 

0.0021 

0.0088 

0.0012 

000031 

9,958 

0.030 

Dbtribution' 

Nonnal 

Lognoimal 

Nonnal 

Nomiai 

Nonnal 

Noimal 

^ Nonnal 

Nonnal 

Lognonnai 

Lognonnai 

NormBl 

Nonni l 

Lofnormfll 

Nomi i l 

Lotnonnt l 

Lofnomial 

Nomi i l 

Lognomul 

Logtionntl 

Loftnormal 

Lognormal 

Lognomul 

Lognoimal 

Lognoimal 

Lognonnai 

Lognonnai 

Lognonnai 

Lognonnai 

95% UCL o f 

Ar i th Mean* 

15,990 

8.4 

95 

0.94 

1,351 

26 

12 

28 

31,540 

33 

1,084 

1,117 

20 

814 

198 

59 

129 

O024 

012 

0.40 

0.17 

OIS 

0.0061 

O095 

051 

0.0014 

77,277 

O i l 

Exposure 

Point 

Concentration' 

15,990 

8.4 

95 

0.94 

1,351 

26 

12 

. 28 

31.540 

33 

1.084 

1,1(7 

20 

814 

198 

59 

129 

; O024 

012 

0.40 

0.17 

015 

0.0061 

0.095 

0 4 9 P 

0.0014 

23,300 P 

O i l 

2 x O K 

Mean' 

25,323 

15 

151 

1.5 

2,150 

46 

19 

42 

46,260 

35 

1,814 

• 1,664 

23 

1.293 

197 

78 

186 

.. 

.. 

.. 

.. 

.-
--

•-

Djicligiound 

Ctimparisoi? 

:^ 

i 
a. 
a 
f> 

> 

O 
O 

* For the Proport ion of Detecti - Afl Samples" column, cc'unti were based on the unaveragsd da l i set. 

^ For the "Proportion of Detocti • TemponI and Spttial Stmplet" «nd the Trequency of Detection" cohmws. counts were based on the avenged data set (efg., groundwater ump le s from the t ame weD were averaged)! 

*CRL-contnc t reporting timlL • " ' _ 

" Nondetects were treated as one>hair(he detection limit in the calculation ofthe site and background (BK) arithmelic means, standaid devialion. and 9 3 % upper confidence limit (UCL). 

* Distributions for the calculation ofexposure poim conccr4ruion3 (EPCs): I) Iffewer than 4 samples arc available m the tite data scl, "Undetermined" is indicated and (he 9SKUCL is calculaled based on a lognonnai distribulioa 2) Ifthe normal 

goodness-of-fil (esl coeffident te g rea ta than the c n l i u l value, the distribulion Is nonniL 3) If Ihe lognonnai goodness-of-fil lest coeffteient is greater Ihan the criiical vahie, the distribution is lognormal. 4) Ifneilher of the gisodness-of-fit 

(est Coefficients b greater than the criticat vahie, the distribution is assumed to be bgnonnal. - '̂  - . ~ 

' T h e EPC B the 9S% UCL of ths arithmetic mean with 2 exceptions: ifthe 9 5 H UCL exceeds the maximum detected vahw (denoted by a "#" next to the EPC) or the site data set conuins fewer than 4 samples, (he maximum detected value is substkuted as the EPC. 

*CEB (chemical exceedhig background) • Ihe maxtmmn detected result is pva ie r than or ei|ual lo iwo times the background mean; bk (background) • (he maximum detected resuh is less than two t i m e (he background mean; ANOVA • amlysb of variance 

determines thai the site and background data sets oome ttom the t ame popuhiion. - - -

* - Not appGcable (note: background compnlson not concluctod for organic compounds) 



Results of Field Investigations 

c raCs—Acetone (0.027 to 0.031 ^g/g), methylene chloride (0.0047 to 0.0091 ng/g), and 
toluene (0.0025 ng/g) were detected in the background sediments with the maximum 
concentrations occurring at SD-BK-02A, SD-BK-02B, and SD-BK-02D. All three compounds 
were detected at concentrations neeu" or below the CRL. 

SVOCs—SVOCs consisting of bis(2-chlordisopropyl)ether and the PAH compounds 
ben2o(a)anthracene, benzo(b)fluoranthene, chrysene, fluoranthene, phenanthrene, and pyrene were 
detected in the background sediment samples. These compounds were detected in the sediment 
samples collected from Talladega Creek upstream of the facility drainage. 
Bis(2-chloroisopropyl)ether was detected in samples SD-BK-02C, SD-BK-02D, and SD-BK-02E 
at concentrations near or below the CRL. Most of the PAHs were detected at concentrations at or 
below the CRL; the maximum PAH concentrations were detected in sample SD-BK-OIA. 

Pesticides/PCBs—PCBs and pesticides were not detected in any of the background 
sediment samples. 

Summary—Sediment samples were collected from two locations to serve as a background 
comparison. Seventeen metals were detected in the background sediment samples, including 
aluminum, arsenic, barium, beryllium, chromium, cobalt, copper, lead, manganese, nickel, 
vanadium, zinc, and the nutrient metals calcium, iron, magnesium, potassiuih, and sodium. 
Explosives compounds were not detected in any ofthe screening or confirmatory sediment samples 
collected from the background sediment locations. Three VOCs and seven SVOCs were detected I 
in the background sediment at low (near or below the CRL) concentrations. PCBs and pesticides 
were not detected in any ofthe background sediment samples. 

4.7.3 Study Area 5-Red Water Storage Basin 

The Red Water Storage Basin was used as a settling basin for TNT manufacturing process 
wastewaters. An entry pipe was located at the southeast comer and an exit flume was located in the 
southwest comer. From the basin, 10 sediment samples were collected along 3 fransects 
(see Sheet 3-2) and screened in the field for explosives. Two samples (SD-05-0000 and 
SD-05-4020) were collected from Study Area 5, one at either end of the basin, and sent to the 
laboratory for confinnatory analysis that included metals, hexavalent chromium, explosives, VOCs, 
and SVOCs. Figure 4-48 shows the locations where general contaminant group CEBs were 
detected. Summary statistics for the Study Area 5 sediment samples are presented in Table 4-86. 
Data summary tables for the sediment samples are included in Appendix K. 

Metals—Detected metals did not exceed background concentrations. 

Explostyes—The nontarget explosive compound HMX (0.499 ^g/g) was detected in sample 
SD-05-4620. HMX does not have a documented history of usage at the site. 

c 
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Results of Field Investigations 
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*T1 Table 4-86. Summary Statistics and Exposure Potnt Concentrations for Sediment at Study Area 5 - Red Waler Storage Basin 
Alabama Army Ammunition Plant, Childersburg, Alabama 

•§ 
3 

RimTinK:S:l9:}7FM 

KJ 

Run Date: 3/29/W 

Exposure Unit: 0 5 _ D S I 

Puimcter 

Ahiminunl 

Barium 

Bcrynium 

Calcium 

Crhromtum 

Cobab 

Copper 

Iron 

Uad 
Ma^Ksium 

Poiassium 

Sodium 

Vanadtum 

Zinc 

Methylene CMoride 

Tohiene 

Units 

f t / l 
f t l l 
f t / l 
M8/f 

MS'g 

f t / t 
MS'g 

f g l 
f t / l 
ft/a 
ft/a 
f i l l 
Mfg 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

MS'g 

An Simples' 

Proponion ofDetects 

Temporal A Spatial 

Sampled 

I 2 ' 

/ 2 -

Frequency 

OfDeteclion^ 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

50% 

50% 

100% 

.100% 

100% 

NonDctecu 

MinCRL* 

25 
016 

--

• 

MaxCRL" 

.. 
-. 
--

-. 
.. 
.. 
--
-. 
.. 

-. 
. .. 

.. 
'25 

016 

-. 

Exposure 

Delects Arilhmelic Standard 95% UCLo f Point 

Minimum 

7,400 

65 
a4g 

220 
14 

3.4 
7.0 

17,000 

18 
I8S 

75 

242 
70 

30 

33 

OSO 

0.0045 

0.0021 

40,700 

Maximum Mean' 

11,000 

95 
067 

361 
21 

3.6 
7.9 

19,000 

29 
524 

430 

419 
98 

39 

33 

0.50 

0047 

0.041 

43.200 

Deviation' Distribution' AritK Mean' Concentnlion' 

Undetermuied 

Undeiennined 

Undetermined 

• - Undetcnnined 

Undetermined 

Undetermined 

Undetermmed 

Undeteimined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

11,000 

95 
0.67 

361 

21 

3.6 
7.9 

19,000 

29 
524 

430 

419 
98 

39 

33 

O50 
0047 

0.041 

43,200 

2 x B K 

Mean' 

25.323 

IS>. 
1.5 

2,150 

46 

19 
42 

46,260 

35 
1,814 

1,664 

1,293 

197 

78 

186 

.. 

Background 

Comparisoi^ 

Ibkl 

Ibk] 

Ibkj 

Ibkl 

Ibk] 

Ibk] 

Ibk] 

Ibk l 

Ibk] 

Ibk] 

|bk| 

Ibk] 

Ibk] 

Ibkl 

Ibk] 

ICEB] 

ICEBl 

ICEB) 

ICEB] 

* For the "Proportion of Delects • AO Sampia" column, counts were based on Uie unavenged dal« seL 

For the "Proponbn* of Detects - Temporal and Spatial Samples" and the Trequency ofDeteclion" columns, counts were based on the avenged data set (e.g., groundwater sampks from lhe ume weD were averaged). 

*CRL'contract ftpofling limh. " 

* Nondetects were treated as one-halfdie detection limit in Ihe calculation ofthe site and background (BK) arithmdic means, slandanl deviation, and 9S% upper confidence limit (UCL). 

* Distrftwlions for the calculation ofexposure point concentntions (EPCs): I) Iffewer Ihan 4 samples are available in lhe site dala set. TIndctcnnlned" b indicated and Ihe 95%UCL ia calculaled based on a lognonnai distribution.. 2) Ifthe nomiai 

goodness*orRt lett ooeincienl b greater than the critical vahie. the distribution is normal. 3) Iflhe lognonnai goodness-of-flt lest coefficient u pcalcr than the criiical value, the distributton b bgnonnal. 4) Ifneilher ofthe goodness-of-fil 

test coefTicients is greater than Ihe critical value, Ihe dbtribution b asnmied lo be bgnonnal. 

' The EPC is the 95% UCL of the arithntettc mean with 2 exceptions: if Ihe 93% UCL exceeds lhe nuximum delected value (denoted by a "0" next lo the EPC) or ihe sile dau set cortains fewer than 4 sampia. the maximum detected vahic b subsiituied as the EPC, 

'CEB (chemica] exceeding backgnMind) • the maximum detected retub b greater than or equal to two times the badcground mean: bk (backgroimd) - ihe maximum fletected resull b less than two limes the background mean; ANOVA - anal>sb of variance 

dctcnntnes that the site tnd background data sets come from Ihe same population. 

* • Not ipplicable (note: background comparison not conducted for OfBinic compounds) 
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Results of Field Investigations 

3 Maximum Concentrations | 
Analyte 

Methylenechloride 
Toluene 

mg/g 
0.047 
0.M1 

FOCs—Methylene chloride (0.0045 to 
0.047 ^g/g) and toluene (0.0021 to 0.041 ^g/g) were 
detected in both of the confirmatory sediment samples 
from Study Area 5. Methylene chloride in sample 
SD-05-4020 and toluene in sample SD-05-0000 were ' 
detected at concentrations below the CRL. ' 

5WCI$-—SVOCs were not detected in the sediment samples from the Red Water Storage 
Basin. , 

Summary—Two samples (SD-05-0000 and SD-05-4020) were collected from Study Area 
5 at the ends of the basin. Inorganic constituents that were detected in the basin sediment did not 
exceed background concentrations. Organic constituents that were detected in the limited sampling 
at the site conisisted of one nontarget explosive; compouhd (HMX) in SD-05-:4020 and two VOCs 
(methylene chloride and toluene). HMX does not have a documented history of usage at ALAAP, 

4 7.4 Study Area 9-Aniline Sludge Basin 

The Aniline Sludge Basin was constructed using native clay, but is otherwise unlined. 
Liquid wastes and sludges from the production of aniline and oleuin in Study Area 8 were 
deposited in the basin. Samples were collected from the basin sediment, the tar-like material 
present on a portion ofthe basin surface, and the sediment beneath the tar," Results are provided in 
the following sections' 

4.7.4.1 Basin Sediment Results 

During Phase 1 ofthe Supplemental RI, five sediment samples (SD-09-0000, SD-09-0010, 
SD-09^1000, SD-b9-l0l0, SD-09-1040) were collected from locations within the basin, field-
screeiied for explosives (see Sheet 3-2), and analyzed for SVOCs at the laboratory. In addition, two 
locations (SD-09-0000 and SD-09-1040) were sampled in 1-foot increments with a hand auger to 
5 feet BLS (see Sheet 3-2). These samples were screened in the field laboratory for explosives. 
Samples SD-09-0000 and SD-09-1040 also were analyzed in the offsite laboratory for metals, 
hexavalent chromium, explosives, VOCs, and SVOCs. The remaining samples were analyzed for 
SVOCs. Table 4-87 summarizes the statistics for analytes detected in the basin sediments at Study 
Area 9. Appendix K provides the data suinmary tables The locations ofthe confirmatory sediment 
samples and the general contaminant groups detected at Study Area 9 are shown in Figure 4-49. 
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Table 4-87. Summary Statistics and Exposure Point Concentrations for Sediment at Study Area 9 - Aniline Sludge Basin 
Alabama Army Ammunition Plant, Childersburg, Alabama 

vo 

Run Time: S:)4K)9PM 

Run Due: JA29/99 

Exposure U i U : 0 9 _ D S I 

PtrnnctcT 

Anuntnum 

AiKnic 

Bv ium 

Beiylliuni 

Ctlcium 

CtaDmiuin 

Cobi l l 

Copper 

Iron 

Uad 

M a ^ n h m i 

Manginese 

Nickel 

Potaxsbm 

Sodium 

V imdium 

Zinc 

2.4,D-Tnnitrololuene 

4-Aniho-2,6-Diniln)lohKne 

Ben2ii(a)amhiic«ie 

Benio(«)pymK 

B<iiza(g.Mpaylcne 

Bcnzo<k}fluorandiene 

Chfyiene 

Indenod,J J « l ) p > i t n e 

Toluene 

Tolal O i i an i cCu ton 

Proportion orDelecis 

A l l Samples' 

Unhs 

Mg'g 2 ' J 

Mg'g J / 2 . 

MS'g J ' J 

Mg'g 2 / 2 

Mg'g 2 l . ^ 

f t l l 2 / 2 

Mg'g ' 1 ' . J 

Mg'g 2 / 2 

Mg'g 2 / 2 

Mg'g 2 / 2 

f t / l 1 / 2 

f l l a 2 / 2 

Mg/g 1 / 2 

Mg'g J ' J 

Mg'g l / J 

Mg'g 2 / 2 

Mg'g - 2 / 2 

Mg'g J / J 

Mg'g I ' J 

Mg'g 1 / . J 

f t l l 1 / 5 

Mg'g 1 / 5 

MS'g 1 / 5 

Mg/l 1 / 5 

Mg'g 1 / 5 

Mg'g 2 / 5 

Mg'g 1 ' 5 

Mg'g 4 / 5 

Mg/g 1 / 2 

Ml/g 2 / 2 

Proportion OfDeiecls 

TemponI A Spalial 

Sample ' 

Fiequency 

ofDeieclion' 

100% 

lOOK 

100% 

100% 

100% 

100% 

50% 

100% 

100% 

. 100% 

50% 

100% 

• 50% 

100% 

50% 

100% 

100% 

100% 

50% 

50% 

20% 

20% 

20% 

20% 

20% 

40% 

20% 

go% 

50% 

100% 

NonOaects 

M inCRL ' 

.. 
--

-. 
.. 

2.5 

--
--

13« 

.-
4.0 

--
142 

--

0.0S9 

0.090 

0.17 

0.24 

0.7J 

0.25 

0.40 

0.27 

0.17 

OBO 

0.0067 

•-

MaxCRL* 

.. 

-• 

.-
--
2.5 

--
.-
138 

.. 
4.0 

• -
142 

.-
--
-• 

0.089 

0.090 

0.80 

1.00 

4.0 

1.00 

2.0 

1.00 

0.80 

0.80 

0.0067 

--

. 
Delecis 

Minimum 

5.600 

17 

20 

0.39 

241 

10 

7.3 

19 

22,000 

31 

168 

280 

127 

21 

270 

108 

21 

42 

3.4 

4.6 

0.31 

0.21 

0.72 

0.21 

0.26 

0.45 

0.23 

0.60 

0.024 

28,000 

Maxiraum 

6,900 

161 

53 

0.77 

931 

205 

7.3 

527 

410,000 

126 

168 

1,800 

127 

128 

270 

282 

135 

451 

3.4 

4.6 

0.31 

0.21 

0.72 

0.21 

026 

1.9 

0.23 

500 

0.024 

33JOO 

AiiUimeiic 

Mean' 

.. 
-. 
-. 
--

.-

-. 
--

.. 

.. 

--

0.26 

0.29 

l. l 

0.29 

0.53 

0.70 

0.24 

IOI 

--

Slandanl 

Deviation' 

--
--
.-
.. 

--
--
--
.. 

.. 

.-
--

.. 
--

0.16 

0.20 

0.84 

0.19 

0.43 

0.69 

0.16 

223 

--

Dislriliulion' 

Undeiennined 

Undeiennined 

Undetemiined 

Undetennlned 

Undelermined 

Undctenn i ned 

Undetenntned 

Undelennlnod 

Undeteimined 

Undetcnnined 

Undetcimined 

Undeteimined 

Undeteimined 

Undetermined 

Noimal 

Nonnal 

Nonnal 

Nonnal 

Lognonnai 

Lognonnai 

Nonnal 

Lognoimal 

Undeteimined 

Undeiennined 

95% UCLo f 

Arii l i . Mean' 

- • -

--

.. 
-. 
.. 

.. 

.. 

.. 
-. 

.. 

.-
0.41 

0.48 

1.9 

0.48 

3.4 

6.7 

0.39 

6.22E^I0 

--
•-

ExpcsuTt 

Poilll 

Concennalion' 

6,900 

161 

53 " 

0.77 

« 1 

205 

7.3 

527 

410,000 

126 

168 

1.800 

127 

128 

270 

282 

135 

451 

3.4 

4.6 

0.31 

0.21 

0.72 

0.21 

0.26 

1.9 

0.23 

500 

0.024 

33,300 

2 x B K 

Mean' 

25,323 

15 

151 

I.S 

2,150 

46 

19 

42 

46,260 

35 

1.814 

1,664 

.. 
23 

1.293 

197 

78 

186 

-. 

--
--
--
• -

--

Background 

Comparisoi^ 

(bkJ 

ICEBl 

fbk l 

(bkl 

Ibk) 

(CEBl 

(bkl 

(CEBl 

(CEBl 

(CEB) 

(bkl 

(CEBl 

(CEB) 

(CEBl 

(bkl 

(CEBl 

(CEB) 

(CEB) 

(CEBl 

(CEBl 

ICEB) 

(CEBl 

(CEB) 

[CEBl 

(CEBl 

(CEB) 

(CEB) 

, (CEB) 

- (CEB) 

(CEB) 

Pa 

•5, 

I: 
S-
S 
f 
I 

> 

I 
N> 
O o 

' For Ihe "Proportion of Dclectt - AR Samples" oohmin, oountt were based on the unavenged data scL 
^ For the "Propoflion of Detect! - Teniputml and Spalial Sampia" «nd lhe "Frequency of Detection* oolumnj, counli were based on lhe tvcntged d«f «et (eg., groundwaier tampica ftom ihc ume wcD were averaged). 
*CRL - oontnct repotting ttmii. 

* Nondetects were ticaicd as one-half Ihe detection liinil in (he cilculaiion ofthe ifte and backgnmnd (BK) anthmetic means, standard devialion, tnd 95% upper confidence Ihnit (UCL). 

* Distributions for the calculation ofexposure point concentrations (EPCs): I) Iffewer (han 4 sampks are avaiUble in Ihe site dau tet, "Undetemtined" is nidicaicd and the 95%UCL is calculaled based on a lognonnai distribulion. 2) Ifthe nomiai 

goodnessKi^fii test coeffldent b greater (han the critical vahie. (he distribution b noimaL 3) Iflhe lognonnai goodness-oPiit test cueflkieni b grealer than die critical value, the distribution b bgnoimal. 4) Ifneilher ofihe goodness-of-fii 

test coeffidents is greater (htn (he criiical vahie, (he dbtribution b assumed to be kignomuL 

' The EPC B the 9S% IXLof the srithnKtic mean with 2 cxocptkins: if the 95% UCL CKoeedi lie inaiuinunt detected v ^ 

' CEB (diemical exceeding background) - the maximum detected resub b peater than or equal to two limes the background mean; M (background) • the maxtmum detecied resutt b less than two limes die backpfound mean; ANOVA - analyse of variance 

dctcnntnes that (he si(e and background dala sets come from (he same poputaiioa 

* • Not applicable (note: background comparison not conducted for orgtnic compounds) 
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Results of Field Investigations 

Metals—Eleven metals exceeded background 
in the Study Area 9 basin sediment samples, as shown 
in the adjacent box. With the exception of sodium, all 
maximum CEB metals concentrations were detected in 
sediment sample SD-09-0000, which was collected 
from the north side ofthe Aniline Sludge Basin. 

Sodium was detected at a maximum 
concentration at location SD-09-1040 on the south end 
ofthe Aniline Sludge Basm. 

Explostyes—TKI (3.38 ^g/g), and 4-A-2,6-
DNT (4.62 ^g/g) were detected in sample SD-09-1040 
collected on the south side of the basin. Explosives 
were not detected in the sediments in the northem part 
ofthe basin. 

Maximum Concentrations* j 
Anatyte 

Arsenic 
Chromium 
Copper 
iron 

Lead 
Manganese 
Molybdenum 
Nickei 
Sodium 
Vanadium 
Zinc 

mgfg 
161 
205 
527 

410,000 
126 

1,800 
127 
128 
282 
135 
451 

*ANOVA evaluation not conducted because there are 
fewer tlian four samples In the data set. 

ilteximum Concentrations | 

Anaiyte 
4-A-2,6^NT 
TNT 

mfl/Q 
4.62 
3.38 

c 

VOCs—An isolated concentration of toluene (0.024 ^g/g) was detected in sample 
SD-09-0000. 

SKOCs—SVOCs were detected in basin 
sediment samples SD-09-0010, SD-09-1000, 
SD-09-1010, and SD-09-1040. The SVOCs were 
predominantly PAH compounds and included 
benzo(a)anthracene (0.31 |ig/g), benzo(a)pyrene 
(0.21|ig/g), benzo(g,h,i)perylene (0.21 ^g/g), ben2o(k)-' 
fluoranthene (0.26 (ag/g), chrysene (0.45 to 1.9 ^ig/g), 
indeno(l,2,3-cd)pyrene (0.23 ^ig/g), and N-Nitrosodi
phenylamine (0.6 to 500 (Ig/g). 

Maximum Concentratipns* | 

Analyte 

Benzo(a)anthracene 
Ben20(a)pyrene 

Benzo(g,h,l)perylene 
Benzofklfluoranthene 
Chrysene 
lndeno(1,2,3-cd)pyrene 
N-Nitrosodiphenylamine 

mg/g 
0.31 
0.21 
0.21 
0.26 
1.9 

0.23 
500 

'ANOVA evaluation not conducted because there are fewer 
than four samples in the data set. 

c 

Summary—Metals that exceeded background in the sediment in the basin included arsenic, 
chromium, copper, iron, lead, manganese, molybdenum, nickel, sodium, vanadium, and zinc in 
sediment samples SD-09-0000 and SD-09-1040. Explosives constituents were detected in only one 
sample from the south side of the study area. Toluene was the only VOC detected and it was 
detected in only one sample. Seven SVOCs, including six PAHs and N-Nitrosodiphenylamine, 
were detected in basin sediment samples. The maximum SVOC concentrations in the sediment 
were detected in sample S D-09-1010. 

4.7.4.2 Study Area 9 - Aniline Sludge Basin - Tar 

During Phase 1 of the Supplemental RI, one tar sample (SD-09-TAR) was collected from 
Study Area 9 and analyzed for SVOCs. During Phase 4A, two samples of residual tar from the c 
Final Rl Report 4-241 August 2001 



Results of Field Investigations 

3 
Aniline Sludge Basin (TAR-09-001 and TAR-09-002) were collected and analyzed for VOCs and 
SVOCs. Sample TAR-09-001 also was analyzed for metals, pesticides, and PCBs. Table 4-88 
summarizes the statistics for constituents detected in the tar samples from Study Area 9. 
Appendix K provides the data summary tables. The locations of the tar samples and the general 
contaminant groups detected in Study Area 9 tar samples are shown in Figure 4-50. 

3 

Maximum Concentrations* I 
Analyte 

Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manqanese 
Molybdenum 
Nlcl(el 
Sodium 

Z inc • 

mg/g 

406 
22.2 
705 

470,000 
. 814 

2,800 
107 
384 

12,100 ' 
294 

'ANOVA evaluation not conducted because there are 
fewer than four samples in the data set. 

Maximum Concentrations* I 
Analyte 

Carbazole 
N-Nitrosodiphenylamine 
Phenol 

mg/g 
60,000 , 

4,000,000 
1,000 

Metals—Ten metals exceeded background in 
the Study Area 9 tar samples, as shown in the adjacent 
box. The maximum concentrations of all metals that 
exceeded background were detected in tar sample 
TAR-09-001, which was the northeastem sample 
collected from within the boundary ofthe tar. 

FOCs—-Benzene (0.17 to 0.24 ^g/g) was 
detected in samples TAR-09-001 and TAR-09-002. 
Sample SD-09-TAR was hot analyzed for VOCs. 

SVOCs—SVOCs were detected in tar samples 
TAR-09-001 and TAR-09-002. The detected 
compounds consisted of carbazole (30,000 to 
60,000^g/g), N-Nitrosodiphenylamine (400,000 to 
4,000,000 ng/g), and phenol (1,000 ng/g). 

Summary—Metals, one VOC, and SVOCs exceeded background in the Study Area 9 tar 
samples. Metals that exceed background concentrations in tar sample TAR-09-001 included 
chromium, cobalt, copper, iron, lead, manganese, molybdenum, nickel, sodium, and zinc. One 
VOC (benzene) was detected in both tar samples analyzed for VOCs at a maximum concentration 
of 0.24 |ig/g. SVOCs detected in the tar samples consisted of carbazole, N-Nitrosodiphenylamine, 

4.7.4.3 Study Area 9 - Aniline Sludge Basin - Sediments Beneath the Tar 
1 

During Phase 4A of the Supplemental RI, eight sediment samples from locations 
SD-09-001 to SD-09-004, were coliected below the surface tar and analyzed for VOCs and SVOCs. 
Two samples were collected from each location at depths ranging from 1 to 2.5 feet BLS. Sample 
SD-09-002 also was analyzed for metals. Appendix K provides the data summary tables. The 
locations ofthe sediment samples and the general contaminant groups detected at Study Area 9 are 
shown in Figure 4-50. Table 4-89 provides the summary statistics for the sediment samples 
beneath the tar. 

3 
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Table 4-88. Summary Statlstlci and Exposure Poinl Concentraiions for Sedlmenl al Sludy Area 9 Tar - Aniline Sludge Bisin 
Alabama Army Ammunillon PlanI, Childersburg, Alabama 

KJ 

Run Time: 3 :38 : ) tPM 

Run Date: 3/29/99 Proportion of Detects Proportion o f Delects Exposure 

Exposure l W l : 0 9 _ D S J 

Pttwneter 

Ahiminum 

Aner ic 

Bir ium 

Cilcium 

Cnromnjm 

Cobah 

Copper 

Iron 

Lead 

Mayiei ium 

Mi iQincse 

MolytKienuni 

Nidiel 

Sodnnn 

Venadium 

Zinc 

Bencne 

Carbazole 

C)»iide 

Pnenol 

Units 

M8/g. 

f l i t 
f t / l 
f t / l 
f t l l 
M8/« , 

f i l l 
MCS 

f i l l 
f i l l 
f t / l 
f i l l 
••g'g 

MS'g 

M«% 

f t / l • 

Mg'g 

M^g 

Mg'g 

f i l l 
f i l l 

AH Sampled 

l / l 

) / 2 
2 / 2 
1 / 1 

1 / 2 
1 / 1 
1 / 1 
1 / 1 

1 / 2 
1 / 1 

1 / 1 
1 / 1 
1 / 1 
1 / 1 

1 / 1 

1 / 1 

2 / 2 

2 / 2 
1 / 1 

2 / J 

1 / } 

Temfiaral A Spalial 

Samples' 

2 / 2 
2 / 2 

1 / 1 

2 / 3 

1 / J 

Fre<|uetcy 

ofDctecikm' 

100% 

100% 

100% 

100% 

100% 

100% 

\W>i 
100% 

100% 
100% 

100% 
100% 
100% 
100% 

100% 

100% 

100% 
100% 

100% 
67% 

JJ% 

NonDetects 

MinCRL' MaxCRL' 

.. 

20,000 20.000 

200 20.000 

Detecu Arithmetic Sianlanl 9S% UCLof Point 

Minimum 

3.200 

12 
41 

829 
406 
22 

705 
470.000 

814 
362 

2.800 
107 

384 
12,100 

69 

294 

0.17 
iOfioa 

0.26 

400.000 

IOOO 

Maximum Mean' Deviation' Dbtrifculion' Aritii 

3.200 

12 

43 

829 

40* 
22 

705 • 

470.000 

814 

362 

2,100 

107 
384 

12,100 

69 
294 

0.24 

60,000 

0.26 

4.00E*O6 

IOOO 

Undctenn itied 

Undetermined 

Undeteimined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undelermined 

Undetermined 

Undelermined 

Undetermined 

Undetermined 

Undetenntned 

Undetermined 

Mean' Concentnlion' 

3,200 

12 

43 

829 
406 

22 

705 

470.000 

814 
362 

2.800 

107 

384 

12.100 

69 

294 

0.24 

60,000 

0.26 

4.006+06 

IOOO 

2xBK 

Mean' 

25,323 

IS 

151 

2.150 
46 
19 

42 

46,260 

35 
1.814 

1.664 

--
23 
197 

78 

186 

--

--
-. 
--

Background 

Comparisot/ 

Ibkl 

Ibkl 

Ibkl 

Ibk) 
ICEB) 
ICEB) 

(CEB) 

ICEB) 

(CEB! 
ibk) 

(CEB) 
ICEB) 
ICEB) 
ICEB) 

(bk) 
(CEB) 

ICEB) 
ICEB] 

(CEB) 

(CEB) 

ICEB) 

* For the "Praportion of Detect* - A l Stmptes" colunm, counts were based onthe unavenged data set. 

^ For the "Proportion of Detects - Temporal and Spalial Samples" and the Trequency o f Deteciion" columns, counts were based on the averaged data set (e.g, groundwater sunples from the same wcQ wen averaged). 

*CRL - contract reporting thnit 

* Nondetects were treated as one>half tht detection Kmit tn the calcutaiion of the site and background (BK) arithmetic means, standard deviation, and 9S% upper confldencc limit (UCL). 

' DiunbuHom for the calculation o f eiposure point concentrations (EPCs): I ) I f fewer than 4 samples are available in the i l le data set, l lndetermined" b indicaied and the 9JHUCL b calculated based on a lognonnai distribution. 2) I f the nonnal 

goodness-of-fil tesl coefficient b greater than the critical value, the dbtn'bulion b normaL 3) I f the lognonnai goodness-of-fil lesl ooefficicnt b ^eaier Ihan lhe critical value, the dbtribulion b lognonnai. 4) Ifneilher of ihe goodness-of-fil 

tesl coefficients a grealer ihsn I I K crilicat vahw, Ihe dislribution is assumed lo be lognorniaV 

' The EPC b Ihe 93% UCL ofthe arithmeitc mean with 2 exceptions: i f the 95% UCL exccdb the maximum detected vahic (denoted by • "1^" nexl to the CPC) or lhe she dala set cofUms fewer Ihan 4 samples, (he maxtmum detected vahic b subslituted ss Ihe EPC. 

' C E B (chemical exceeding background) • Ihc maximum detected result b pcaier than or tqnuH to two tbnes the background mean; bk (background) • (he maximum detected result b kss than two times ihe background mean; ANOVA • analysb o f variance 

detennines that the site and background data sets come from the same popubtion. 

- - Not appficable (note: background comparison nol conducted for organic compounds) 
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Table 4-89. Summary Statisfics and Exposure Point Concentrations for Sediment al Study Area 9 Beneath Tar - Aniline Sludge Basin 
Alabama Army Ammunition Plani, Childersburg, Alabama 

2? 
n 

T3 
O 

to 
1 ^ 

RunTime: ]:3&:12 PM 

Run DitE 3/29/99 

Expoiure Uiit: 09_DS2 

Piramctcf 

Atuminum 

Antimony 

Aneric 

Barium 

Cl ldum 

CIvomnnn 

Coppcr 

lion 

Lead 

Ms^eslum 

Manganese 

Mercuiy 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

Benzoic Acid 

Caituzole 

N-Nitraaodlpiienyfamine 

Phenol 

Pfopoilionol 

All Sam; 

Unitt 

Detects Proponion or Delects 

lies* TemponI & Spalial Frequency NonDetects 

Samptaf OfDeteclion* MinCRL' MaxCRL' 

Mg'g 
p|/g 

f i l l 
f t / l 
f l / l 
f t l l 
f i l l 
f t l l 
f i l l 
f t l l 
ft/a 
f t l l 
f i l l 
f l i t 

flla 
f t l l 
f i l l 
f i l l 
f i l l 
ft/a 
f t / l 

Detects Afilhmetic 
Minimum Maximum Mean* 

Standard 9S%lX;tor 

Deviation* Dtstribulion' Arilh. Mean* 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ I 

/ 8 

/ 8 

/ 8 

iOOS 

IIMS 

IOOS 

lOOH 

100% 

IOOS 

IOOS 

IOOS 

IOOS 

IOOS 

IOOS 

SOS 

IOOS 

IOOS 

IOOS 

IOOS 

IOOS 

IOOS 

IOOS 

IOOS 

38S 

0.030 O.OSO 

0.OS2 

22.400 

SO 

9.8 

48 

205 

68 

13 

59,200 

18 

54$ 

IOO 

0.088 

5.4 

440 

2.890 

80 

29 

0.41 

0.13 

2.9 

0.72 

26.900 

62 

18 

76 

612 

117 

17 

81.000 

21 

603 

368 

0.088 

6.9 

463 

3,100 

104 

32 

0.41 

8.7 

IOO 

4.2 

--
--

3.3 

41 

0.73 

3.5 

1.4 

Undeteimined 

Undetennlned 

Undetcnnined 

Undeteimined 

Undetermined 

Unddeimincd 

Undetcnnined 

Undetcnnined 

Undetennlned 

Undetennuied 

Undetcnnined 

Undctetmined 

Undetennined 

Nonnal 

Lognormal 

Lognonnai 

S.6 

498 

218 

26,900 

62 

18 

76 

612 

117 

17 

81,000 

21 

603 

368 

0.088 

6.9 

463 

3,100 

104 

32 

0.41 

5.6 

IOO 

4.2 

Exposure 

Poinl 

Concentmlion^ 

2 x B K 

Mean' 

15 

ISI 

2,130 

46 

42 

46,260 

35 

1,814 

1,664 

23 

1.293 

197 

78 

186 

Background 

CompaiTsoi^ 

(CEB) 

ICEB) 

ICEB) 

(bk) 

(bk) 

(CEB) 

Ibk) 

ICEB) 

(bk) 

Ibk) 

(bkl 

(CEB) 

(bk) 

(bk) 

ICEB) 

(CEB) 

Ibk) 

(CEB) 

(CEB) 

(CEBl 

(CEB) 

* For the "Pioponkin of Detects. Al Samples" cohimn, counts were based on the unaveraged dala set. 

* For the Troponkm of Detects - Temporal and Spalial Samples" and Ihe Trequency of Deteciion" columns, counts were based on the averaged daui set (e.g, groundwater samples fiom the same wcD were averaged). 

'CRL - ooiurea reponing Kmit 

' Nondetects were treated as one-halfthe delcctlon limit in the calculation of Ihe sile and background (BK) arithmelic means, standard devialhln, and 9SS upper confidence limit (UCL). 

* Distributions for the calculalkm ofexposure point concentrations (EPCs): I) Iffewer than 4 samples are available in Ihe silc data set, "Undetcimined" is indicated and the 9S%UCL Is cakutaied based on a lognonnai dbbribulion. 2) Ifthe normal 

goodness-ol^fit lest coefficieni is grealer Ihan the critical value, die disliibulktn is nonnal. 3) If Ihe tetnoimal goodnessK>Mil tesl coefficient b greater than Ihe aitical value, the distribution is klgoonnal. 4) If neither of die goodness-of lit 

tesl coefficients b greater dian the critical value, die dbtiibution b assumed to be bgnonnal. 

'The EPC b Ihe 95% UCLof the arithmetic mean widi 2 exceplions: iflhe 9.5% UCLexcccds die maximum detected value (denoted by a "#" next to the EPC) cr the site dala set oonuins fewer than 4 samples, Ote maximum delected vahie b subslituted as tlw EPC. 

' CEB (chemical exceeding backgnund) • die maxmium delected icsull b staler Ihan or equal to Iwo limes Ihe background mean; bk (background) • Ihe maxbnum detected result is less than two times the background mean; ANOVA - anal>sb of variance 

determines dial die site and background dala sets come fiom die same popuhtioa 

- - Not applicable (note: background oomparixon not conducted for organic compounds) 
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Results of Field Investigations 

) 

Metals—Eight metals exceeded background in 
the samples from the sediment beneath the tar. 
Maximum concentrations of all of the CEB metals 
were detected in the two samples from location 
SD-09-002. 

VOCs—VOCs were not detected in any of the 
sediment samples from beneath the tar. 

SVOCs—SWOCs were detected in all of the 
sediment samples beneath the tar. Carbazole (0.13 to 
8.7 |ig/g), N-Nitrpsodiphenylamuie (2.94 to 100 ng/g), 
and phenol (0.72 to 4.2 ng/g) were detected in the 
sediment and also were detected at elevated 
concentrations in the tar. The compounds were 
detected to a depth of 2.5 feet BLS. 

Maximuin Concentrations* 

Analyte 
Aluminum 
Antimony 
Arsenic 
Chromium 
Iron 
Mercury 
Sodium 
Vanadium 

mg/g 
26,900 

62 
17.6 

• 117 
81,000 
0.0878 
3,100 
104 

•ANOVA evaluation not conducted because ttiere are 
fewer ttian four samples in the data set. 

Maximum Concentrations* | 
Analyte 

Benzoic Add 
Carbazole 
N-Nitrasodiphenylamine 
Phenol 

mg/g 
0.41 
8.7 
100 
4.2 

3 

Summary—Metals and SVOCs were detected above background concentrations in the 
sediment samples beneath the tar. The highest concentrations of metals were detected in samples 
from location SD-09-002. Carbazole, N-Nifrosodiphenylamine, and phenol were detected in the 
sediment and also were detected at elevated concentratioris in the tar. VOCs were not detected in 
the sediment samples underlying the tar in the Aniline Sludge Basin. 

4.7.5 Study Area 16-Flashing Ground 

The Flashing Ground consists of four trenches that were used for burning trash and 
explosives materials. During Phase 3 of the Supplemental RI, one sediment sample was collected 
from a drainage area north of Study Area 16. The sample was analyzed at the laboratory for metals 
and explosives. Figure 4-51 shows the sample location and the general contaminant group CEBs 
detected. Data summary tables for the sediment sample are provided in Appendix K. Summary 
statistics for the Stiidy Area 16 sediment sample are presented in Table 4-90. 

Metals—Three metals were detected at 
concentrations exceeding background in the Study 
Area 16 sediment sample. The adjacent box presents 
the concentrations ofthese CEB metals. 

Explostyesr^E\p\osi\es were,not detected in 
the Study Area 16 sedunent sample. 

Maximum Concentrations* 1 
Analyte 

Selenium 
Sodium 
Thallium 

mg/g 
0.586 
406 

0.238 

'ANOVA evaluation not conducted because there are 
fewer than four samples in the data set. 

3 
Summary—Three metals (selenium, sodium, and thallium) were detected above 

background in the Study Area 16 sediment sample. .Explosives were not detected. 
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Table 4-90. Summary Stsitlstlcs and Exposure Point Concentrations for Sediment at Study Area 16 - Flashing Ground 
Alabama Army Ammunition Plant, Childersburg, Alabama 

-a o 

0 0 

R imTi in r5 :J2 ;37PM 

Run Date: 3/29/99 

BqMSurc Unil: I 6 _ D S I 

PanmrtCT Unib 

PraportkinofDcutU 

An Sunples* 

Propoi l ionorDi lecl i 

Temporal A Spi lb l 

Sampks' 

Frequency NonDelectt Delecb ' 

ofDelectkin' M h C R L ' M a i CRL' Minimum Maximum 

Arithmetic 

Mean' 

Slandard 

DeviatBn' Dbtribution' 

95% UCLof 

Arilh. Mean' 

Exposure 

Poinl 

Concentration 

2 x B K 

Mean' 

Background 

Comparisoi^ 

Ahiminum 

Anerac 

Bartum 

Calcium 

Chiumhim 

Copper 

Iron 

Lead 

Manganese 

Potauium 

Selenium 

Sodium 

Thallhim 

Vanadium 

fit/B 

PS/g 

MS'S 

f l / i 
f t / l 
f i l l 
pg/g 

pg'g 

pg/g 

pg/g 

f i l l 

f t / l 

f i l l 

f t l l 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% . 

100% 

100% 

100% 

100% 

3.6«0 

3.0 

58 

299 

9.» 

5.6 

6.800 

13 

134 

. 164 

0.59 

406 

0.24 

24 

5.660 

3.0 

38 

299 

9.8 

5.6 

6,800 

15 

134 

". 164 -

6.59 
. 406 • 

0.24. 

24 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetefmined 

Undetermined 

* Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undeiennined 

5.660 

3.0 

58 

299 

9.8 

5.6 

6.800 

15 

134 

164 

0.59 

406 

0.24 

24 

25.323 

15 

151 

2,150 

46 

42 

46,260 

35 

1.664 

1,293 

197.. 

IbV] 

Ibkl 

Ibkj 

|bk| 

Ibk] 

|bk | 

Ibkl 
Ibkj 
Ibkl 
Ibk) 

ICEBl 

(CEDl 

ICEBl 

Ibkl 

'Ford icTFopor i ionorDctccu* ABStmpla"cotunui,couRts weretuuedontheunawTigeddataset. ' -

^For the Troportion of Detectt - Temporal md Spatiil Simples" u id the Trequency o f Deteciion" cohimns, counis were bued on Ihc avcnsed data scl (eg,, groundwaier samples ftom the same well were averaged). 

'CRL • contract reporting limit. 

'Nondelects were trealed as one-hitrihe detection Hmii in the calculation o f the site ondi background (BK) arilhmelic means, standan) deviation, and 95% upper confklence limii (UCL). 

* DlsiT^i ions fbr the calcubulon orexpoture potnl concentrelions (EPCs): I ) I f fewer ihan 4 samples ore avnitable in the site data set, TJndetermined" b Indicated and die 95%UCL b calculated based on a lognonnai distribution. 2) If the nonnal 

goodiMUKir-fit test oicfficleia b greater ih in the m t k a l value, the dbtriliution Is nMTiuL ) ) Ifthe lognonTulg(x>dnat-o^(Ii l a t coeflk»ent b greater ihan the cri i icj l value, the datnlniii im a l ognon^ 4) I f neillwr of ihe goodness-of-fit 

test cocffirientt b greater than the critical vahie, the dbtribulion b assumed lo be kgnormal. 

'The EPC b the 95% UCL of ihe arithmetic mean with 2 exceplions: i f ihe 95% UCL eiLcccds O K maximum detected value (denoted by a ' « " next to the EPC) or the site daia set contains fewer than 4 samples, the maximum detected value b substituted as t i c EPC. 

' C E B (dcmical exceeding background) • (he maximum detecied resull Is greater than <T equal lo two limes the background mean; bk (background) • lhe maximum detected result is less than iwo limes (he backgrotmd mean; ANOVA - anatysis of variance 

determines ihal the site and background dau sets come ftom the same popubtion. 

• • Not applicable (note: background comparison not (inducted fbr organic compound!!) 
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Results of Field Investigations 

4.7.6 Study Area 21 - Red Water Ditch 

Roy F. Weston collected shallow sediment samples on transects spaced at 50-foot intervals 
along the Red Water Ditch throughout the manufacturing area (Weston 1995). The sediment 
samples were analyzed in the laboratory for seven explosives and lead. Portions ofthe Red Water 
Ditch with explosives concentrations exceeding 647 jig/g TNT were excavated until concentrations 
in the sediment reached 100 ng/g of TNT. These sediments then were incinerated. Sediment 
samples were collected subsequent to excavation for confirmatory analysis of TNT, lead, and tetryl, 
and results are summarized in Table 4-91. The excavated portion of Study Area 21 is shown on 
Sheet 4-9. The Roy F. Weston sampling results are presented in Appendix L, and were included in 
the statistical analysis. 

c 

During Phase 1 of the Supplemental RI, shallow sediment samples were collected in areas 
outside those investigated by Roy F. Weston. These locations are shown on Sheet 3-2. A total of 
236 sediment samples fi"om 47 transects along the Red Water Ditch were screened in the field for 
TNT. At an additional four locations, hand augers were used to collect sediment samples to depths 
of 5 feet BLS at 1-foot intervals. Each ofthese 20 samples was screened in the field for TNT. At 
five locations, confirmatory samples were collected along transects. Five samples were collected 
fi-om each transect, with the "A" sample collected on the left-most bank looking upstream. Sample 
identifications followed across the stream fi'om left to right (looking upstream) fi-om "B" through 
"E." Sample "C" was collected in the center of the stream. Confinnatory samples were analyzed 
for metals, explosives, VOCs, and SVOCs. During Phase 2, additional samples were collected 
from location SD-21-170B for metals analysis in conjunction with the bioassays. An additional 
sample also was collected at SD-21-500 at 5 feet BLS for metals and explosives analysis based on 
the Phase 1 results. The summary statistics for 
the sediments collected at the Red Water Ditch 
are presented in Table 4-91 and Table 4-92. 
Appendix K provides the sununary tables for data 
collected by SAIC. The locations of the 
confirmatory sediment samples and the general 
contaminant group CEBs detected are shown in 
Figure 4-52. Lead and arsenic results for 
confirmatory analysis of sediments are shown on 
Sheets 4-10 and 4-11, respectively. Sheet 4-12 
shows laboratory confirmatory results for 
2,4-DNT. 

Afetofe-^Seventeen metals exceeded 
background in the Study Area 21 surface 
sed iment , as s h o w n i n the adjacent box . L e a d , * Metals also determined to exceed background based on ANOVA 

which was the only metal analyzed for in the 1 - to ^'^"^'°" ̂ ^ '^°*"'" """̂  
• " Roy F. Weston data. 

Maxiinum Concentrations* I 

Analvte (uq/g) 
Aluminum . 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Copper 
iron 
Lead 
IMagnesium 
Manqanese 
Mercury 
Molybdenum 
Niclcel 
Potassium 
Sodium 
Vanadium 

0^1ft(pg/g) 
49.000 

52.9 
4.100 
3.48 

41,000 
294 
105 

93.000 
622 

. 5,780 
21,000 

1 
13.3 
23.3 
2,680 
257 
133 

1-IOft (yg/g) 

328 " 

c 

c 
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Run Time: 6:11:41 PM 

Run Date: 3/29/99 

Exposure I W l : 2 l _ D S J 

Panmacr 

Leu) 

2,4,6-Trinilnxohieiie 

Tetiyl 

Table 4-91 

Units 

f t / l 

f t / l 

M8/g 

ProfKMIion 

Summary Statiitics and 

ofDnect j 

Atl Sampio' 

26 / 

12 / 

13 / 

26 

2S 

2S 

Exposure Point Concentrations for Subsurface Sedlmenl at Study Area 21 - Red Water Ditch 
Alabama Army Ammunition Plani, Childersburg, Alabama 

Proportion ofDetects 

Tempoal A Spatial 

Samples 

26 / 26 

12 / 2) 

13 / 25 

Frequency 

OfDcleaion^ 

lOOK 

48% 

32% 

NonDetects 

MinCRL ' MaxCRL' 

: .. • .-
0.30 0.30 

O.SO 0.50 

Detects 

Minimum Maximum 

•• 7.0 328 

0.97 . 50 

0.64 180 

AfithnKlic 

•Mean' 

30 

4.5 

19 

Sundaid 

DeviaUon' 

62 

. 10 

40 

Dislribulion' 

Lognormal 

Lognormal 

Lognonnai 

. 

93% UCLof 

Antn. Mesn 

34 

15 

404 

Exposuie 

Point 

ConoentTBtion 

34 

15 

180 « 

2 x B K 

Mean' 

35 

--
--

Dackground 

Comparison 

ICEBIANOVA! 

ICEB) 

(CEBJ 

ro 
O 

O 
O 

* For Ihe Troportion o f Delects • AB Sampks" cotunifi, counts were based on Ihe una^«raged data set 

. ̂  For the "Proporikin o f Detects - Temporal and Spatiil Samples" and lhe "Frequency c i Detection" columns, counis vvere based on (he avenged data set (e.g., gFDundwater camples from lhe same weD were avcraged)-

*CRL - contract reporting limit. 

* Nondetects were treated as one-hatfthe detection limit in Ihe calculation of ihe site snd background (BK) arilhmetic means, itandard devialion, and 95% upper confidence limil (UCL). 

* DistT^utiora fbr the caiculalion ofexposure pobri conccntralions (EPCs): I ) I f fewer than 4 lamplesare available In lhe sbe data set. Undetefmined* is Indicated and die 95%UCL b calculated based on a lognonnai disbibuiion. 2) I f ihe ftormal 

goodness-of-fil lesi coefHcienl b peater than the criiical vahte, thc dbtribution b normal. } ) Ifthe logmrmal goodncu^of-fit te»i coefficiem b greater ihan ihc criiical vahie, ihe dbtribulion b tognormal. 4) I f neither of ihe goodness-of-fii 

lest coefficients b greater than the critical vahie, lhe dbtribution b a.uunied lo be lognormal. 

/,The EPC b lhe 95S UCLof Ihc arilhmetic mean with 2 exceptions: i f Ihe 93% UCLexcccds the maxtmum detected vahie (denoted by a " iT next lo Ihe EPC) or the site data set oonuins fewer than 4 samples, ihe maximum detocted value b substituted as ihe EPC. 

'CEB (chemtcai exceeding background) - ihe maximum detected result is pcaler than or equal to iwo limes the background mean; bk (background) • the maximum detected resuh b less ihan two limes the background mean; ANOVA - analysb of variance 

determines (hat the site aitd background data sets come from (he same population. «. 

- - Nol applicable (note: backpound comparison not conducted for organic compound's) 
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Run Time: 6:09:47 PM 

Run Date: 3/29/99 

Exposure Unit: 2 I _ D S I 

Parameter 

Ahiminum 

Aiseidc 

Barium 

Beryflium 

Calcium 

Chromium 

Cobatt 

Copper 

Iron 

Lead 

Mapiesium 

Mercury 

Mol jMenum 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

1.3.5-Trinilrobeniene 

Acetone 

Beiizo(a)aiilhreccne 

Benzo(B)pyrene 

Benza<g.Ki)peiylene 

Benzoic Ac id . 

Chn'scne 

Fhunnthene 

M ethyfelnyikctone 

Phenanlhren: 

Pyrene 

Tetryl 

Tohiene 

Total Organic Caiton 

Tou l Xylene 

Units 

f t / l 

f t l l 

Mg'S 
Mg/g 

MS'S 

f t l l 

M8/S 

MS'g 

MS'S 

MS'S 

MS'S 

MS'S 

MCS 

MS'S 

MS'S 

MS/g 

MS'S 

MS'g 

MS'g 

Mg'g 

MS'S 

MB'g 

f ^ 

f t l l 

Mg'S 

MS'S 

MS'S 

Mg'S 

f i l l 

MS'g 

MS'S 

MS'g 

MS'S 

MS'S 

f t l l 

MS'g 

MS'S 

Mg/g 

MS'S 

MS/S 

Table 4-92. Summary Stallstlcs and Exposure Point Concentrations for Surface Sediment at Study Area 21 

Proportion o f Detects 

AH Samples' 

26 / 26 

14 / 26 

24 / 24 

24 / • J 4 

24 / 24 

17 / 24 

19 / 24 

24 / 24 

26 / 26 

I I I / 112 

24 / 24 

24 / 24 

12 / 26 

5 / 24 

16 / 24 

24 / 24 

14 / 24 

24 / 24 

13 / 24 

1 / 30 

9 / I IO 

2 / 30 

1 / 30 

1 / 24 

2 / 24 -

7 / 24 

7 / 24 

4 / 24 

1 1 14 -

4 1 24 

5 / 24 

6 / 24 

5' / 24 

3 / 24 

2 / 24 

1 / 24 

2 / 31 

14 / 24 

24 / 24 

' 1 / 2 4 

Alabama Army Ammunition Plani, 

Proporiion o f Detects 

TemponI & Spalial 

Samples 

24 

12 

24 

24 

24 

17 

19 

24 

24 

109 

24 

24 

10 

5 

16 

24 

14 

24 

13 

1 

9 

2 

1 

1 

2 

7 

7 

4 

2 

4 

5 

6 

3 

3 

2 

1 

2 

14 

24 

1 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ I IO 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 30 

/ I IO 

/ 30 

/ 30 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 • 

/ 24 

/ 24 

/ 24 

/ 24 

/ 24 

/ 31 

/ 24 

/ 24 

/ 24 

Prequency 

ofDeteclion' 

100% 

50% 

100% 

100% 

100% 

7 1 % 

79% 

100% 

IOO!i 

99% 

100% 

100% 

42% 

2 1 % 

67% 

100% 

58% 

100% 

54% 

3% 

8% 

7% 

3% 

4% 

8% 

29% 

29% 

17% 

8% 

17% 

2 1 % 

25% 

2 1 % 

2 1 % 

8% 

4% 

6% 

58% 

100% 

4 % 

NonDetects 

M inCRL ' 

13 

-
23 

2. S 

10.0 

--
0.087 

4.0 

7.5 

--
50 

--
43 

0.094 

0.079 

0.054 

0.075 

0.090 

0.045 

017 

0.24 

0.73 

025 

092 

0.27 

0.17 

0.17 

0.0051 

0.17 

0.97 

0.093 

0.0025 " 

-. 
0.0075 

MaxCRL' 

.-
13 

.. 
131 

2.5 

--
--

10.0 

--

0.087 

4.0 

7.5 

--
50 

118 

0.50 

OSO 

050 

0.50 

0.090 

0.20 

0.17 

0.24 

0.73 

0.23 

0.92 

0.27 

0.17 

0.17 

0.0051 

0.17 

0.97 

0 5 0 

0.0025 

.. 
0.0075 

Childersburg, Alabama 

Delecis 

Minimum 

13,000 

16 

71 

0.71 

348 

20 

3.5 

9.9 

20,000 

5.1 

458 

121 

0.13 

5.2 

I I 

408 

63 

42 

33 

0.30 

0.094 

0.035 

0 5 0 

0.44 

0.14 

0.11 

0.21 

0.61 

0.30 

13 

0.25 

0.25 

O20 

O.OIOO 

0.2} 

0 7 6 

014 

0.0034 

7.710 

O0054 

Maximum 

49.000 

53 

4.100 

3.5 

41.000 

294 

17 

103 

93,000 

622 

5.780 

21.000 

1.00 

13 

23 

2.680 

257 

133 

181 

0 5 0 

3.9 

0.40 

O50 

044 

0.27 

0.63 

0.73 

1.8 

0.34 

32 

- l . l 

0.67 

0.33 

0.036 

0.64 

0 7 6 

122 

O078 

199.000 

0.0054 

Arithmetic 

Mean' 

23,897 

16 

360 

1.3 

5,741 

45 

7.0 

29 

45,104 

34 

1.322 

1.875 

0.18 

3.3 

12 

932 

74 

69 

64 

0.096 

031 

0.085 

0095 

0.061 

0.045 

0.13 

0.21 

0.51 

0.14 

3.5 

0.23 

O i l 

013 

0.0064 

O i l 

0.50 

4.0 

O.OII 

45.317 

0.0038 

Sundan) 

Dcnalion' 

9,320 

11 

847 

0.65 

9.792 

55 

4.7 

22 

19.564 

42 

U 1 6 

4.327 

024 

3.0 

6.7 

523 

57 

24 

38 

O i l 

055 

0.11 

O i l 

0.080 

0.057 

0.14 

0.18 

0.38 

0.055 

7.7 

0.24 

0.19 

0.087 

0.0088 

0.12 

0056 

22 

0.017 

42.570 

000034 

Distribulion 

Lognormal 

Lognormal 

Lognonnai 

Lognoimal 

Lognormal 

Lognonnai 

Nonnal 

Lognomul 

Lognonnai 

Lognonna] 

Lognormal 

Lognonnai 

Lognormal 

Lognormil 

Lognormal 

Lognonnai 

Lognormal 

Lognormal 

Lognormal 

Lognormal 

Lognormal 

Lognormal 

Lognormal 

Lognonnai 

Lognormal 

Lognoimal 

Lognonnai 

Lognonnai 

Lognormal 

Lognormal 

Lognonnai 

Lognomial 

Lognonnai 

Lognormal 

Lognonnai 

Lognonnai 

Lognomial 

Lognonnai 

Lognomial 

Lognormal 

- Red Water Ditch 

95% UCL o f 

Arith. Mean' 

27,561 

22 

417 

1.6 

12,573 

57 

8.7 

37 

52,815 

37 

1.733 

2.901 

0.29 

4.1 

17 

1.127 

107 

78 

80 

012 

035 

012 

0.13 

0.066 

0.055 

• 0.19 

0.27 

0.59 

0.15 

5.4 

029 

0.24 

015 

00086 

O.IJ 

053 

063 

0.026 

64,644 

0.004} 

Exposure 

Point 

Concentnlion' 

27,561 

22 

417 

1.6 

12,573 

57 

8.7 

37 

52,815 

37 

1,733 

2.901 

0 2 9 

4.1 

17 

1.127 

107 

78 

80 

012 

035 

012 

0.13 

0066 

O055 

0 1 9 

027 

059 

OIS 

5.4 

029 

0.24 

015 

0.0086 

0.13 

053 

0.63 

0.026 

64.644 

0.0043 

2 x B K 

Meari" 

25.323 

15 

151 

I S 

2,150 

46 

19 

42 

46,260 

35 

1,814 

1.664 

23 

1,293 

197 

78 

186 

.. 
--

. .. 

--

•• 
--
--
--
--

Bacitground 

Comparison^ 

ICEB) 

(CEB) 

ICEBl 

ICEBj 

[CEB IANOVA] 

ICEBl 

Ibkl 

(CEB IANOVAI 

(CEBl 

ICEB IANOVA l 

ICEBIANOVA) 

(CEBIANOVAI 

(CEBl 

(cno) 
I C E B I A N O V A l 

(CEB IANOVAI 

(CEB IANOVAI 

(CEBl 

Ibk l 

(CEBl 

(CEB) 

ICEBl 

(CEBl 

(CEBl 

(CEBl 

ICEBl 

(CEBl 

ICEBl 

(CEBl 

(CEBl 

(CEBl 

(CEBl 

(CEBl 

ICEBl 

(CEB) 

(CEBl 

(CEB) 

(CEBl 

(CEBl 

(CEBl 

I: 
% 
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5- Table 4-92. Summary Statistics and Exposure Point Concentrations for Surface Sediment at Study Area 21 - Red Water Ditch (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

50 
.Q Run Time: 6K)9:47PM 

O Run Date: 3/29/99 Proponion of Detects Proportion of Delecis Expasure 

Exposure Unit: 21_DS1 AllSamples' TemponI A Spiitial Frequency NonDetects Detects Arithmetic Standaid 95%UCLof Point 2 x BK Background 

Panmcter Units Samples* of Detection' MinCRi.' MaxCRL* Minimum Maximum Mean' Devialion* Dgtributton* Arith. Mean' Concentnlion' Mean' Comparisoi/ 

* For the "Proporiion ofDetects - AO Samples" cohimn, counis were basod on Ihe unaveraged dala set. 

'For Ihe Tropoitfan of Dclectt • Teinponl and Spaliil Samplei" and Ihe Tiequency of Ddeclion* coluntm, ciiunb »«Te based onthe iKiaged dala sel (e.g, groundwatCT 

'CRL - contract reporting limiL 

' Nondetectt were mated as oic-haif the detection limit in the calculation of Ihe site and background (BK) arithmetic meam, standard deviation, and 95% upper conDdence limit (UCL). 

* Distributions Ibr Ihe calculation ofexposure point concentiations (EPCs): 1) If fewer llun 4 samplea are available in Ihe site dau sel. TJndeteimined" i> bidicalcd and the 95%UCL b calculaled based on a lognonnai distribution. 2) If the nomul 

goodneU'Otfil lest coefficient is peater Ihan lhe critical value, Ihe dislribution is ncsmal. 3) If the lognonnai goodness^of-fil test coefficient is greater than the critical vahie. the dislribution is bgnormal. 4) Ifneither ofthe goodncss-of-fil 

test coefficients is pester than die critical vahic, die dbtribution b assumed to be bgncrmal. 

' The EPC B Ihe 95% UCL of Ihc aridimetic mean wilh 2 exceptions: if die 95% UCL exceeds die maximum detected value (denoted by a "P" nexl lo Ihe EPC) or the site data sel conUins fewer Ihan 4 samples, the maximum detected value b subslimted as Ihe EPC. 

'CEB (chemical exceeding background) - the maximuin detected result b peater dian or equal to two times the background mean; bk (backpound) - die maximum detected resuh b less than Iwo limes Ihe background mean; ANOVA - analysb of variance 

determUics dial the sile end background dala sett come liom the same populadon. ^ 

Not appliable (note: background comparison not conducted for organic oompourafa) ^ 
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Results of Field Investigations 
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Results of Field Investigations 

10-foot BLS sediment horizon, is a CEB for the shallow subsurface sediment. The maximum 
concentrations of seven of the surface sediment CEBs (aluminum, arsenic, barium, lead, mercuiy, 
molybdenum, and vanadium) were detected in samples from transect location SD-21-170, which 
was near the northeast end of the ditch: Transect location SD-21-010 contained the maximum 
concentrations of five CEB metals (beryilium, caicium, magnesium, potassium, and sodium), four 
of which are essential nutrients. Chromium, iron, and nickel were < detected at maximum 
concentrations at transect SD-21-310, wliile copper and manganese concentrations were maximums 
at transect SD-21-480. More maximum metals concentrations (seven) vyere detected m "A" 
samples than in "B," "C," or "D" samples. "C" samples from the center of the stream had the 
fewest (two) maximum metals concentrations. 

Lead was a CEB in the shallow subsurface sedinient samples collected by Roy F. Weston. 
All shallow subsurface lead concentrations were below 44 fig/g, with the exception of the 
maximum concentration (328 \ig/g), wliich was detected in sample 21 EXCF 1279..; • 

Explostyes—^The explosives compounds 
1,3,5-TNB (0.5 Mg/g), TNT (0.0939 to 3.87 Mg/g), 
2,4-DNT (0.0549 to 0.397 ng/g), tetryl (0.142 to 
122 Mg/g), and the explbsives breakdown 
products 2-A-4,6-DNT (0.498 Mg/g) and 4-A-2,6-
DNT (0.437 Mg/g) were detected in sediment 
samples from within the Red Water Ditch during 
sampling by Roy F. Weston and during the 

Maximum Concentrations - I 

Analyte (MQ/g) 
1,3,5-TNB 
2,4-DNT 
TNT 
Tettyl 
2-A-4,6-DNT 
4-A-2,6-DNT 

(KlfthJO/fl) 
0.5 

0.397 
3.87 

- 122*' 
0.498 
0.437 • 

1-I0ft (ug/g) 

• . • 

• ; 50* 
•: M80* .• 

• Roy F. Weston (jata. 

Supplemental RI. The maximum explosives concentrations were detected at transect loca.tions 
SD-21-170 and SD-21-220 and at Roy F. Weston sample locations 21CPCF617 (surface), 21-76B 
(shallow subsurface), and 21-130A (shallow subsurface). 

In the 256 sediment samples collected during the Supplemental RI and screened in the field, 
the average TNT concentration was 4.1 \ig/g and only 1 sample (SD-21-180B) exceeded 15 \igjg. 

The maxiniuin coiiceniniiion delected in TNT was detected in sample SD-21-180B at 120 Mg/'g-
the sediirients collected with hand augers was 16.9 Mg/g fi"om 1 foot BLS. Five explosives 
compounds (TNT, 2,4-DNT, 2-A-4,6-DNT, 4-A-2,6-DNT, and tetryl) were detected in the 
sediment samples collected for laboratory confirmatory analysis, all ia transect SD-21-220, location 
"A." This transect is located just below the outlet of Study Area 5 (see Sheet 4-12). 

) 

VOCs^Acetone (0.14 to 0.27 Mg/g), 
MEK (0.01 to 0.036 Mg/g), toluene (0.0034 to 
0.078 Mg/g), and xylenes (0.0054 Mg/g) were 
detected at all five transect locations within Study 
Area 21. The maximum concentrations were 
detected along transects SD-21-170, SD-21-220, 
and SD-21-310. Total xylenes were detected at a concentration below the CRL. 

Maximum Concentrations 1 

Analyte (pg/g) 
A(»tone 
MEK 
Toluene 

Total Xylenes 

0-: l f t(ug/g) 1 
0.27 
0.036 

• 0.078 
0.0054 
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Results of Field Investigations 

SVOCs—Nine of the ten SVOCs (all except 
benzoic acid) that were detected in the Red Water 
Ditch sediments were PAHs. All PAH detections 
except one were in sediments associated with sample 
locations on transects SD-21-170, SD-21-310, and 
SD-21-480 located between Study Areas 7 and 10. 
Benzo(a)anthracene was detected at a concentration 
below the CRL in one sample from transect 
SD-21-:010. Benzoic acid was detected in four samples 
from transects SD-21-010 and SD-21-480. 

Maximum Concentrations I 
Analyte (pg/g) 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzoic acid 
Benzo(g,h,i)perylene 
Ghrysene 
Fluoranthene 

lndeno(1,2,3-cd)pyrene 
Phenanthrene 
Pyrene 

o^iii(ga/a) 
. 0.63 

0.73 
1.8 
32 

. 0.34 
1.1 

0.67 
0.35 
0.64 
0.76 . 

Summary—Roy F. Weston investigated and remediated portions of Study Area 21 before 
the Supplemental RI sampling effort. Results from sample data collected to confinn remediation, 
as well as Supplemental RI data collected outside the area investigated by Roy F. Weston, indicate 
that metals, explosives, VOCs, and SVOCs exceeded background in the sediment samples from 
Study Area 21: 

Seventeen metals exceeded background in the surface sediment samples, with transect 
SD-21-170 having samples with the highest concentrations. In the shallow subsurface sediment, 
lead, whicli was the only metal analyzed for, exceeded background. Only one lead concentration in 
the shallow subsurface sediment exceeded 44 Mg/g. 

Four VOCs were detected in the surface sediment, with maximum concentrations at 
locations tliroughout the Red Water Ditch. All VOC concentrations were less than 0.3 Mg/g- Ten 
SVOCs, nine of which were PAHs, were detected in the surface sediment. The majority of SVOC 
detections were from transects located between Study Areas 7 and 10. 

4.7.7 Study Area 26 - Crossover Ditch 

During Phase 1 of the Supplemental RI, 396 sediment samples were collected from 
75 transects spaced across the Crossover Ditch and its tributaries, from Study Area 17 Avestward to 
the Coosa River. The samples were screened for explosives in the field. In addition, at four 
locations, hand augers were used to collect samples to 5 feet BLS at 1-foot intervals. These 
samples also were screened for explosives. Forty-eight samples from nine transects were collected 
for confirmatory analysis of metals, explosives, VOCs, and SVOCs. Four samples were analyzed 
for hexavalent chromium. The samples were collected across the transect, with the "A" location on 
the left bank looking upstream. Samples "A" through "E" were collected across the stream, with 
sample "C" located in the center ofthe stream. Only samples "B" and "D" were collected along 
transect SD-26-320. During Phase 2, three additional samples were collected from location 
SD-26-710C and analyzed for metals. One sample also was collected from each of three locations 
(SD-27-035, SD-27-036, and SD-27-037) and analyzed for explosives and metals. Table 4-93 
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Table 4-93. Suminary Statbtks and Exposure Point Concentrations (or Sediment at Study Area 26 - Crossover Ditch 
Alabama Army Ammunition Plant, Childenburg, Alabama 
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Run Due: 3/29/99 

bposu ic UnU: 2 * _ 0 S 1 

Pmnietcr 

Muminum 
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Barium 

Beiyllium 

Cadmium 

Calcium 

Ctromium 

Coball 

Cop iw 

Iron 
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Manaanese 

Mercuiy 

Molybdenum 

Nickel 

Potasaaim 

Sdcnium 

Sodium 

Thallium 

Vanadium 

Zinc 
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2,6-Dinitrotoluene 
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Bena!(b)nuoranlliene 

Benzoic Acid 

Caibon Dfaulfide 

Civyscne 

Fhionnlhene 

lndeno(l.2,3-cd)p>nne 

Mei)i)1eneCMoriile 

Mtiliyttll<y)l"<one 

Toluene . 

Total Organic Caibon 

bis(2-Elhy(hcxyl)phllalale 

Unita 

f t / l 

f t / l 

f i l l 

f i l l 

f t / l 

Mg'S 

Mg'g 

Mg'g 

M^g 

Mg'g 

f t / l 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mt/g 

Mg'g 

Mg'g 

Mg'g 

Ml/g 

f l / t 
vile 
f t / l 

f t / l 

f t / t 

f t / l 
f t / l 
M^g 

- Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

Mg'g 

MS'S 

Mg'g 

M^g 

f t / l 
Mg'g 

Piopoition o f Detects 

All Samples' 

41 1 41 

26 / 47 

45 / 45 

39 / 45 

3 / 45 

41 / 45 

27 / 45 

21 / 45 

44 / 45 

47 / 47 

34 / 47 

44 / 45 

45 / 45 

10 / 47 

6 / 42 

IS / 45 

44 / 45 

3 1 45 

9 / 45 

3 / 45 

45 / 43 

J2 / 4J 

10 / 43 

1 / 45 

3 / 43 

1 / 34 

2 / 3 4 

3 / 34 

1 / 43 -

1 / 3 4 

1 / 34 , 

. 1 / 3 4 

4 (-43 

. 6 / 4 3 • 

1 / 34 

1 / 3 4 

' 18 / 43 

41 / 42 

2 / 3 4 

Proport».i o f Detecu 

TemponI A Spatial 

Sanipka' 

46 / 46 

25 / 46 

43 / 45 

39 / 45 

J / 43 

41 / 45 

2 7 / 4 5 

21 / 45 

44 / 45 

46 1 46 

33 ' 46 

44 / 45 

45 .' 45 

9 ,' 46 

6 ,' 42 

1* / 43 

44 / 45 

3 1 45 

9 / 45 

3 ( 45 
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1 / 45 

3 / 43 
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2 / 34 

3 / 3 4 

1 / 43 
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4 / 4 3 
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1 / 34 
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Frequency 
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lOOlt 

54% 
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87% 

7% 

9 1 % 

60% 

47% 

98% 
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72% 

98% 
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20% 
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40% 
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7% 

2014 

7% 

100% 

7 1 % 

22% 

2% 

7% 

3% 

6% 

9% 

2% 

3% 

3%. 

3% -

9% 

14% 

J'4 . 

J ' * . 
42% 

'98% 

6% 

NonOetecu 

MinCRL* 

13 
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0.43 
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16 

1.4 

3.4 
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10.0 
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4.0 
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12 

50 

13 

2J 

0.054 

0.079 

0.022 

0.73 

0.40 
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0.014 

0.27 

0.17 

0.17 

0.0042 

0.0026. 

0.17 
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IOOO 
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50 
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83 
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0.17 
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5.0 

3.0 
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1.1 

72 

044 

24 

19 
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0.52 

0.022 

0.56 

0.25 

4.5 

0.032 

0.34 

1.3 

6.16 

0.0040 

0.0020 

0.49 

0.30 

.0.0028 
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020 
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42,000 
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3.8 
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12 

61 
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69 
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21 

34 
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1.8 
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1.030 

5.4 

0.52 

0.36 

056 

14 

7.7 

0.032 • 

0.34 

1.3 

0.16 

0.027 

.0.044 

0.49 

0.30 
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- • • 
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Mean' 

14,516 

30 
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2,93) 
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79 
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68 

77 

023 

OOSI 
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0.12 
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0.0049 
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0.097 

0.091 
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0.12 
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53 

98 

0.75 
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28 

3.6 

12 
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18 

895 
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0.051 

4.5 

8.2 

425 

1.2 
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1.4 

53 
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0.071 

0.052 

0.033 

0.21 

1.7 

' i0.00)» 

O035 

0.21 
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0.0046 

00066 
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0.0098 
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19 
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35 
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3.9 

11 
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81 
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78 
87 
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Table 4-93. Summary Statistics and Exposure Point Concentrations for Sediment at Study Area 26 - Crossover Ditch (Continued) 
Alabama Army Ammunition Piant, Childersburg, Alabama 
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Results of Field Investigations 

J 

3 

provides the summary statistics for the sediments collected from the Crossover Ditch. The data 
summary tables are provided in Appendix K. Figure 4-53 shows the general contaminant group 
CEBs detected in the sediment samples collected from Study Area 26. 

Metals—Twenty-one metals exceeded 
background concentrations in sediments within the 
Crossover Ditch, as shown in the adjacent box. The 
highest CEB metals concentrations were detected at 
transect locations SD-26-140 (six metals), SD-26-320 
(three metals), SD-26-480 (one metal), and SD-26-710 
(eight metals), and sample locations SD-27-035 
(one metal) and SD-27-036 (two metals). The transects 
are located north ofthe Red Water Ditch (SD-26-140) 
in the vicinity of Study Area 20 (SD-26-320, 
SD-26-480) and on the Alliance property (formerly 
ALAAP property) (SD-26-710). The maximum 
concentrations of arsenic, vanadium, and cadmium 
were detected in sample SD-26-710C. Mercury and 
molybdenum were detected at maximum 
concentrations in SD-26-320B. Samples SD-27-035 
and SD-27-036 contained maximum concentrations of 
selenium and thallium, respectively. ... , , , , . _.,_ ^ 

•̂  Metals also determined to exceed background based on 
ANOVA evaluation are shown In bold. 

Explostyes—In the 396 samples collected from 
the Crossover Ditch, the average concentration of TNT 
was 3.2 ^g/g, and the maximum concentration was 
22.1 ng/g. Explosives were detected in confinnatory 
samples at transects SD-26-270, SD-26-320, and 
SD-26-480 in the vicinity of Study Area 20, in transect 
SD-26-7i0 on the Alliance property, and in downgradient transect SD-26-080 located north ofthe 
Red Water Ditch. 2,4-DNT (0.0645 to 5.38 jig/g) and 2,6-DNT (0.518 ng/g) were the only 
explosives detected in the sediments, with the maximum concentrations detected at location 
SD-26-080D (see Sheet 4-12). 

WCs—Acetone (0.022 to 0.36 \ig/g), carbon 
disulfide (0.032 \ig/g), methylene chloride (0.004 to 
0.027 ng/g), and more widely distributed 
concentrations of MEK (0.002 to 0.044 ng/g) and 
toluene (0.0028 to 0.035 ng/g) were detected in the 
sediment samples from Study Area 26. Many of the 
detected VOC concentrations were near or below the 

Maximum Concentrations* | 
Anaiyte 

Aluminum 
Arsenic 
Barium 
Beryllium 

Cadmium 
Caldum 
Chromium 
Copper 
Iron 
Lead 
Manqanese 
Magnesium 
Mercury 
Molybdenum 
Niclcel 
Potassium 
Selenium 
Sodium 
Thallium 
Vanadium 
Zinc 

(jfl/g 
.42,000 

370 
637 
3.8 
2.84 

44,000 
127 
60.6 

190,000 
69.1 
8,100 
2,560 
0.334 
21.3 
33.5 

2,220 
1.77 
700 

0.674 
324 

1,030 

Maximum ConcentralionB I 
Analyte 

2,4-DNT 
2,6-DNT 

pg/g 
5.38 

0.518 

Maximum Concentiations 1 

Analyte 
Acetone 

Carbon disulfide 
Methylene Chloride 
MEK 
Toluene 

ug/0 
0.36 
0.032 
0.027 
0.044 
0.035 
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Results of Field Investigations 

) 

CRL. The highest concentrations of VOCs were detected at transects SD-26-270 and SD-26-320, 
located on a tributary of the Crossover Ditch that drains Study Areas 2 and 20, transect SD-26-670 
draining Study Area 17, and transect SD-26-710 on the Alliance property. 

SVOCs—SWOCs detected in the Crossover 
Ditch sediments included PAHs, benzoic acid, 
N-Nifrosodiphenylamine (0.49 fig/g), and B2EHP. 
Isolated concentrations of the PAHs benzo(b)-
fluoranthene, benzo(k)fluoranthene, chrysene, 
fluoranthene, indeno(123-cd)pyrene, and phenanthrene 
were detected at transects SD-26-320, SD-26-410, and 
SD-26-480. Benzoic acid (4.5 to 7.7 ^g/g) and B2EHP 
(0.2 and 0.88 \ig/g) were variably detected at transects 
SD-26-270, SD-26-320, and SD-26-410 

Maximum Concentrations | 
Analyte 

Benzoic Add 
Benzofblfluoranthene 
Benzo(k)fluoranthene 
B2EHP 
Chrysene 
Fluoranthene 
Indenoll 23-cd)pyrene 
N-Nltrosodlphenylamine 
Phenanthrene 

pg/g 
7.7 

0.56 
1.4 

0.88 
0.34 

1.3 
0.16 
0.49 
0.3 

3 

Summaiy—Twenty-one metals, two explosives, five VOCs, and nine SVOCs exceeded 
background m the sediment samples from Study Area 21. The highest CEB metals concentrations 
were detected at transect and sample locations SD-26-140, SD-26-320, SD-26-480, SD-26-710, 
SD-27-035, and SD-27-036. Two explosives, 2,4-DNT and 2,6-DNT, were detected in 10 and 1 of 
the sediment samples, respectively. All explosives concentrations were less than 5.5 \ig/g. The 
highest concentrations of VOCs were detected at transects SD-26-270, SD-26-320, SD-26-670, and 
SD-26-710, although many ofthe detected VOC concentrations were low (near or below the CRL). 
Six of the nine detected SVOCs were PAHs that were each detected in one or two samples from 
transects SD-26-320, SD-26-410, and SD-26-480. Benzoic acid, B2EHP, and 
N-Nifrosodiphenylamine were detected in three, two, and one sample, respectively. 

4.7.8 Study Area 27 - Beaver Pond Drainage System 

A total of 135 sediment samples were collected from 28 transects along the Beaver Pond 
Drainage System located between Study Area 17 and the Coosa River during Phase 1 of the 
Supplemental RI (see Sheet 3-2). The samples were field-screened for explosives, and subsurface 
samples were collected in 1-foot increments from three locations to 5 feet BLS. Fifteen samples, 
five from each of three transects, were collected along Study Area 27 for laboratory confirmatory 
analysis. Transect SD-27-030 was the most downstream location near the Coosa River, and 
transect SD-27-190 was obtained from drainage located east ofthe east and west Beaver Ponds. 
Sample SD-27-260 was collected from a ditch within Study Area 17. Four additional sediment 
samples were collected: two each from the east (SD-27-4000 and SD-27-5045) and west 
(SD-27-0555 and SD-27-1045) Beaver Ponds. Figure 4-54 shows the locations where general 
contaminant group CEBs were detected in the Study Area 27 sediments. Confirmatory samples 
were analyzed for metals, explosives, VOCs, and SVOCs. Four of the samples were analyzed for 

> 
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Results of Field Investigations 

hexavalent chromium. During Phase 2 of the Supplemental RI, one additional sediment sample 
was collected from SD-27-030C and analyzed for metals. Table 4-94 provides the summary 
statistics for this study area. Data summary tables are provided in Appendix K. 

Metals—Fifteen metals exceeded background 
in the Study Area 27 sediment samples, as shown in 
the adjacent box. Meteils concentrations exceeded 
background in samples from all transect locations 
except the east Beaver Pond (SD-27-4000 and 
SD-27-5045). Twelve ofthese metals were detected at 
maximum concentrations in samples from transect 
SD-27-030. Cadmium was detected only in sample 
SD-27-030D. Mercury was detected in 9 of the 20 
sediment samples, ,with the maximum concentration 
detected in SD-27-030B, near the Coosa River. 

Explostyes—A total of 155 sediment samples 
were collected and screened in the field for explosives. 
The average TNT concentration was 3.8 ^g/g and the 
maximum was 41.8 ng/g, detected at location 
SD-27-150C. In the confirmatory samples, an isolated concentration ofthe nontarget explosive 
HMX (0.215 jig/g) was detected in saniple SD-27-0555 from the west Beaver Pond. 

VOCs—MEYi (0;0024 to 0.0067 ng/g) was 
detected in the east and west Beaver Pond sediment 
samples at locations SD-27r5045, SD-27-0555, 
SD-27-1045, and SD-27-030 (near the Coosa River). 
All four detected MEK concentrations were near or 
below the CRL. Toluene (0.006 to 0=021 ̂ g/g) was detected in four sediment samples collected 
from transect SD-27-260 (Study Area 17). 

Maximum Concentrations* I 
Analyte 

Aluminum 
Arsenic. 

Barium 
Beryllium 
Cadmium 
Caldum 
Chramium 
Cobalt 
I r o n . ' -•' • , 

Lead , 
Maqnesium 
Manqanese 
Mercury ' 
Potassium 
Zinc 

lig/g 
29,000 
33.7 
1,050 
1.75 
1.01 

5,500 
62.8 
34.4 

51,000 
153 

2.540 
7,100, 

1.2 
1,500 
1,750 

'Metals also detemnined to exceed background based on 
ANOVA evaluation are shown in b d d . ' 

Maximum Concentrations | 
Analyte 

MEK 
Toluene 

vg/g 
0.0067 
0.021 

) 

SVOCs—SVOCs were detected in sediment 
samples from three transect locations (SD-27-190, 
SD-27-b555, and SD-27-030). The PA_Hs benzo(a)-
anthracene, benzo(a)pyrene, and indeno(l,2,3-cd)-
pyrene were detected in sample SD-27-0555 in the 
west Beaver Pond. Benzoic acid (4.6 and 9.3 ng/g) 
was detected in samples from transect SD-27-190, 
located east ofthe Beaver Ponds. An isolated concentration of B2EHP (0.38 \ig/g) was detected in 
sample SD-27-030C. 

Maximum Concentrations . 1 
Analyte 

Benzo(a)anthracene 
Benzo(a)pyrBne 
lndeno(1,2,3-cd)pyrene 
Benzoic add ' 
B2EHP 

ug/g 
0.13 
0.18 
0.13 
9.3 
0.38 
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S' Table 4-94. Summary Statittici and Exposure Point Concentrations for Sediment at Study Area 27 - Beaver Pond Drainage Syslem 
Alabama Army Ammunition Plant, Childersburg, Alabama 

TO 
n •o o 

ON 

Run Time: 6;}3:00PM 

Run Dae; 3/29/99 

Exposure Unii: 2 7 _ D S I 

Pmmeler 

Aluminuni 

Aiyeitc 

Bir ium . 

BeiyUium 

Cidmium 

Cl ldum 

Chromium 

Cotnb 

Copper 

Iron 

Lead 

Minginesc 

Mercuiy 

Nickel 

PoUxsiim 

Sodium 

Vinadium 

Zinc 

Benzo(l)lnlhnccnc 

Bcnio(i)p>rene 

Benzoic Add 

CyctotctnmcthylenetetTvuDvnine 

lndeno< 1,2,3-cd)p>TOic 

MethylethyllLetone 

Toluene 

Too l Organic Cirbon 

bts(2-Elhylliexy<)phlhllale 

UniU 

M«/| 

f i l l 
f t l l 
MS'g 

MS'g 

MCg 

f i l l 
Mfg 

f i l l 
litfg 

f t l l 

f t l l 
f t l l 
f t l l 
f i l l 

f t / l 
f i l l 

f i l l 

f i l l 

f l i t 
f i l l 
Mg'g 

|ig/g 

Mg'g 

Mg'g 

Mg'g 

Mg/g 

f i l l 

Propoftion of Detects 

ADSwip le i ' 

20 

6 

19 

18 

1 

19 

19 

M 

18 

20 

18 

19 

19 

9 

10 

19 

2 

19 

19 

1 

1 

2 

1 

1 

4 

4 

19 

1 

/ 20 

/ 20 • 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 20 

/ 20 

/ 19 

/ 19 

/ 20 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

/ 19 

Proportion 

TcmponJ 

ofDelccB 

A Spalial 

Samples' 

19 / 

6 / 

19 / 

18 / 

1 / 

19 / 

19 / 

14 / 

18 / 

19 / 

IB / 

19 / 

19 / 

8 / 

10 / 

19 / 

2 / 

19 / 

19 / 

1 / 

1 / 

2 / 

1 / 

1 / 

4 1 

4 1 

19 / 

1 / 

Frequency 

of Detection' 

100% 

32% 

100% 

95% 

5% 

100% 

100% 

74% 

93% 

100% 

95% 

100% 

100% 

42% 

53% 

100% 

11% 

100% 

100% 

5% 

5% 

11% 

5% 

3% 

2 1 % 

2 1 % 

100% 

5% 

NonDctects 

MinCRL' 

13 

0.25 

0.4J 

.-
2.3 

3.4 

--
10.0 

0.087 

7,5 

50 

--

017 

0.24 

092 

0.16 

0.17 

0.0051 

0.0025 

.-
0.19 

MaxCRL* 

13 

025 

0.43 

2 5 

3.4 

10.0 

--

0.087 

7.5 

50 

- • 

017 

0.24 

092 

0.16 

017 

00051 

0.0023 

--
019 

Detects 

Minimum 

7.400 

17 

58 

0.39 

1.0 

243 

20 

3.0 

5.1 

13,000 

12 

213 

280 

0.11 

95 

233 

83 

26 

25 

0.13 

0.18 

4.6 

0.22 

013 . 

O0024 

0.0060 

1.840 

0.38 

Maximum 

29.000 

34 

1.050 

1.8 

1.0 

5.500 

63 

34 

35 

31,000 

153 

2.540 

7.100 

1.2 

23 

1,500 

102 

69 

1,750 

013 

0.18 

93 

0.22 

0.13 

0.0067 

0.021 

56,400 

0.38 

Arithmetic 

Mev. ' 

16,225 

11 

165 

0.80 

0.26 

1,485 

33 

6.0 

13 

27,093 

36 

833 

1,282 

0.20 

9 9 

677 

32 

43 

265 

0.087 

012 

l. l 

0.087 

0.087 

0.0029 

0.0034 

27.925 

on 

.Slandant 

Deviation' 

5.780 

7.0 

220 

0.42 

018 

1.613 

14 

7.4 

8.7 

10,773 

34 

635 

1,498 

032 

6 6 

350 

21 

12 

479 

0.010 

0.014 

2.2 

0.031 

OOIO 

0.0011 

00050 

13.796 

0.065 

Dtstribution* 

Nonnal 

Lognonnil 

Lognormal 

Normal 

Lognormal 

Lognormal 

Lognonnai 

Lognormal 

Lognormal 

Nonnal 

Lojpiuiinal 

Lognormal 

Lopiormal 

Lognormal 

Lognormil 

Lognormal 

Lognormal 

Nonnal 

Lognormal 

Lognorrrul 

Lognormil 

Lognomul 

Lognotmal 

Lognormal 

Lognormal 

Lognonnai 

Nonnal 

Lognormal 

95% UCL of 

Ar i tKMean' 

18.524 

14 

209 

096 

029 

2.509 

40 

9 8 

20 

3 I J81 

55 

1,153 

1,733 

0.36 

15 

848 

38 

48 

612 

0092 

013 

1.4 

0.095 

0.092 

0.0032 

00049 

34.209 

0.12 

Exposure 

Point 

Concentration' 

18.524 

14 

209 

0.96 

0.29 

2.509 

40 

9.8 

20 

3 U 8 1 

55 

1,153 

1,735 

036 

15 

848 

38 

48 

612 

0092 

013 

14 

0.095 

0092 

00032 

0.0049 

34.209 

0.12 

: x B K 

Mean' 

25.323 

15 

151 

15 

2,150 

46 

19 

42 

46.260 

35 

1.814 

1.6M 

--
23 

1.293 

197 

78 

186 

.. 

Background 

Comparisun* 

(CEBIANOVAI 

ICEBIANOVA) 

ICEBIANOVAl 

[CEBIANOVA] 

ICEBl 

[CEBIANOVAI 

[CEBIANOVAI 

[CEBIANOVAI 

[bkl 

(CEBIANOVAI 

[CEBIANOVAI 

[CEBIANOVAI 

[CEBIANOVAI 

[CEBl 

[bk| 

ICEBIANOVA) 

[bkl . 

[bkl 

[CEBIANOVAI 

ICEBl 

(CEBl 

ICEU) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEB) 

ICEBl 

50 

> 
c 

' For the Troport ion of Detects - A l Sampks 'co lun in . cotmts were based on the u iuvcngcd d a u s e t 

For the "Proportion of Detects - TemponI and Spatial S a m p l s ' and the "Frequency of Detection' cohimns, counis were based on the avenged data set (e.g., groundwaier samples from the same weD were avenged). 

'CRL - contract reponing limiL 

* Nondetecu were treated as one-halfthe detection limit in the calculation of the site and background (BK) arithmetic means, standard deviaboni and 9 5 % upper confidence limit (UCL). 

' Dimibuiions for the calcuUtion ofexposure point conccntntiom (EPCs): I) If fewa- than 4 u m p l e s are available in the site data set. Undetermined" is mdicaicd and the 95%UCL is calculated based on i lognonnai distribulioa 2) Iflhe nonnal 

goodness-of-fh test coefTicieni is pea te r than the crnical vahie, the distribution is normal. 3) If the lognormal gdodness-otfit test coefficient is greater than the critica) value, the dislribution is lognomul. 4) If e i t h e r of the goodnc!kS-of-fit 

lest coefficients is pea te r than the critical value, Ihe distribution is assumed to be bgnormal. 

The EPC K the 9 5 % UCL of the arithmetic mean with 2 exceptions: if Ihc 9 5 % UCL exceeds lhe maximum detected value (denoted by a "ilT next to the EPC) or the site d a u set contains f ewa than 4 samples, the maximum detected value is bubsiitutcd as the EPC. 

' C E B (chemicat exceeding background) - the maximum detecied result b greater than or equal to two timck thc bacfcgtound meui ; bk (backpound) • the maximum detected resuh b less than two times the background mean; ANOVA • analysis of variance 

determines thai the site and background d a u sets come from the same populaiioa 

- - Not appticabte (note: background comparison not conducted for organic compounds) 

' O 
O 

r̂  r̂  



Results of Field Investigations 

^ 

3 

Summary—Fifteen metals, one nontarget explosive, two VOCs, and five SVOCs were 
detected in samples from Study Area 27. Most of the maximum metals concentrations were 
detected in samples from transect SD-27-030 near the Coosa River. HMX was detected in one 
sample (SD-27-0555) from the west Beaver Pond. MEK was detected in four samples at low 
(near or below the CRL) concentrations. SVOCs, three of which are PAHs, were detected in 
samples from three transect locations (SD-27-190, SD-27-0555, and SD-27-030). 

4.7.9 Talladega Creek and Tributaries 

One hundred sediment samples were collected from two tributaries of TaUadega Creek and 
from the creek itself, and screened for explosives during Phase 1 of the Supplemental RI. The 
locations of samples collected for field screening are shown on Sheet 3-2. Eleven samples were 
collected for laboratory confirmatory analysis; including samples at the confluence of Talladega 
Creek with the Coosa River (SD-TA-160) and the outfall of the tributary draining Study Areas 16 
and 19 (SD-TA-110), five samples along a tributary draining Study Areas 16 and 19 (SD-TA-210), 
and four samples along the tributary draining Study Area 22 (SD-TA-010). These samples were 
analyzed for metals, explosives, VOCs, and SVOCs. Figure 4-55 shows the locations where the 
general contaminant group CEBs were present in the Talladega Creek sediments. Table 4-95 
provides the summary statistics for the analytical results, and Appendix K presents the data 
summary tables. 

Metals—Eight metals exceeded background in 
the Talladega Creek sediment samples, as shown in the 
adjacent box. The maximum metals concentrations 
were detected in samples from the tributary draining 
Study Areas 16 and 19 and the tributary draining Study 
Area 22. The maximum mercury concentration was 
detected in sample SD-TA-OIOA, from the Study Area 
22 tributarv 

Maximuin Concentrations* 

Analyte 
Arsenic 
Barium 
Beryllium 
Calcium . 
Cobalt 
Lead 
Manganese 

1 Mercury 

pgJg 
21.5 
279 
1.84 

4.040 
18.9 
119 

2,400 
0.134 

'Metais also determined io exceed backgrcund based on 
ANOVA evaluation are shown in bdd. 

Explostyes—During the field screening of 
100 sediment samples from the Talladega Creek 
drainage, a maximum TNT concentration of 14.4 ng/g 
was detected in sample SD-TA-270C, and the mean 
concentration was 3.6 \i.gjg. Laboratoiy confirmatory 
results verified that explosives contamination of the 
Talladega Creek sediments is limited. Isolated concentrations of TNT (0.194 and 0.696 |ig/g) and 
2,4-DNT (0.358 and 0.573 ng/g) were detected at two locations ("C" and "D") along fransect 
SD-TA-210 from the Study Area 16 and 19 drainage. 

Maximum Concentrations I 

Analyte 
TNT 
2,4-DNT 

Mfl/g 
0.696 
0.573 
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Results of Field Investigations 
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RunTime; 5.12:29 PM 

RunD»lc.3/2»/» 

Eiposure Unil; T A _ D S I 

Pirametcr Unitl 

f r o f o t r n t o t Detectt 

ADSunpks* 

Pnjpcnion o fDaeas 

Tan;ponl A Spatiil 

SuncOes' 

Fmiuency NonDctecu Deuca 

ofOelecliDn' MinCRL' M u C R L ' Minimum Mlximum 

Aiilhmetic 

Me«, ' 

S u n l i n l 

Dcvi i l ion' Distnbulion* 

95% UCL of 

Arith. Mean' 

Exposure 

Poinl 

Concentnlion' 

2 x B K 

M e m ' 

Background 

Compamon" 

Table 4-95. Summiiry Statiitics and Exposure Point Concentrations for Sediment at Talladega Creek 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Aluminum 

Anicnic 

Bariuin 

Beryllium 

Calcium 

Chromium 

Cobati 

Copper 

Iron 

Uad 

Magnesium 

Maniancsc 

Mcrcui> 

Nickel 

Pola&sum 

Sodium 

Vanadium 

Zinc 

2,4,6-Trinitrotoluene 

2,4-Dinilrotohicnc 

Toluene 

Tou l Organic Cartion 

f i l l 

M f l 

f W l 

P C I 

M f * 

PCI 

m's 
M ' l 

M ' l 

M ' l 

f t / l 

PS'l 

f i l l 

f t l l 

f t l l 

M ' l 

M ' l 

f l i t 

f l i t 

f i l l 

f l / t 

I ' I ' I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

11 

11 / I I 

I I / I I 

I I / I I 

I I / I I 

1 1 . : / I I 

I I 1 I I 

I I / 11 

100% 

27% 

100% 

7 3 % 

I00*.i 

5 5 % 

55% 

7 3 % 

100% 

7 3 % 

100% 

loot ' . 

27% 

.55% 

82% 

18% 

100% 

45% 

18% 

18% 

36% 

100% 

13 

023 

5.8 

• 2.5 

3.4 

10.0 

0.087 

7.5 

142 

SO 

13 

0.25 

37 

2.5 

3.4 

0 0 8 7 

7.5 , 

142 

50 

33 170 

.0089 0.089 

0.056 0.056 

0.0025 0.0023 

2,190 

15 

23 

0.64 

J l . ' 

9.0 

3.3 

17 

4.600 

28 

342 

201 

O.IO 

11 

291 

67 

6.7 

30 

0.19 

0.36 

0.0025 

1,470 

21,000 

- 22 

279 

1.8 

4,040 

31 

19 

38 

34,000 

119 

. 1.330 

2,400 

0.13 

19 

919 

68 

55 

139 

0.70 

0.37 

0.012 

37,000 

10,228 

9.9 

120 

0.91 

1,832 

17 

6.3 

18 

20,618 

35 

766 

914 

0063 

10 

534 

33 

36 

37-

0.12 

' O.ll 

0.0030 

23,006 

5,781 

6 2 

84 

065 

.1,333 

I I 

6.7 

13 

10,794 

32 

378 

778 

0 0 3 4 

6.4 

282 

17 

17 

35 

020 

0 18 

0.0034 

16,604 

Nornial 

Lognotmal 

Nonnal 

Normal 

Nonnal 

Normal 

Lognormal 

Nonnal 

Normal 

Lognormal 

Normal 

Lognormal 

Lognormal 

Lognormal 

Normal 

Lognormal 

Norma] 

Nonnal 

Lognormal 

Lognomul 

Lognonnai 

Nonnal 

13.388 

14 

166 

1.3 

2,380 

23 

, 22 

25 

26,517 

118 

973 

2,024 

0.083 

19 

688 

42 

45 

76 

0.22 

0.28 

0.0036 

34.080 

13.388 

14 

166 

1 3 

2.5S0 

23 

19 

25 

26,517 

118 

973 

2.024 

O085 

19 

688 

42 

45 

76 

0.22 

0.28 

000S6 

34.080 

25,123 

15 

i:<i 

1.5 

2. n o 

46 

19 

43 

46.160 

35 

1,8.14 

1.664 

23 

1.293 

197 

78 

186 

Ibkj 

(CEUIANOVA) 

(CEBIANOVAI 

(CEBIANOVA) 

ICEBIANOVA) 

(bk) 

(CEBIANOVA) 

Ibk) 

(bk) 

(CEBIANOVA) 

(bk) 

(CEBIANOVA) 

ICEB) . 

Ibk) 

Ibk) 

(bk) . 

(bk) 

(bkl 

(CEB) 

(CEB) 

ICEB) 

ICEB) 

* Forlhe "Proponion orDetects - A l Samples" cohmin. counts were based 0:1 Ihe unavenged data act 

' For the "Proponkin of Delects • TemponI and Spalial Samples" and Ihe Troiiuency of Detection' columns, couns were based on Ihe avenged data le l ( t g , poundwaier samples Horn Ihe same weD were averaged). 

'CRL - contna reponing l imit , ' " • • ' 

' Noialciecis were treated as ore-half lhe detection Imit in Ihe caloiladon of Ihc lite and background (BK) arithmetic meam, standard 

'Dittrfcutions forlhe calculation ofexpotuje point concemiMions (EPCt): I ) I f fewer ihin 4 sampta a i t available in the site data Kt.'Thidelennined'bi i n d i c i a 2) I f thc nonnal 

goodness-ol^fil t o i coefficient a peater than ihc criiical value, the distrixuion is nonnal. 3) I f lhe logiranal goodneu-ol^fil l o t coefncieni is greater than Ihe critical value. Ihe dtstrihution is lognomial. 4) Ifneilher of the goodncss-of-fil 

lest coefficients is peater than Ihe critical value, die distribution is assun«d lo be bgnonnal. 

' The EPC B IlK 93% UCL of the arithmetic rncan with 2 excepliorti: i f die 9:i% UCL exceeds the maximum detected vahie (denoledby a "#" nc»l to the EPC) or the ste 

*CEB (dcmical cxccedii^ backgrourvj) - dw maximum detected resuh is p iater ihan or equal lo two tinus dK background mean; bk (background) - die maximum detected result is less l lw i two times the background mean; ANOVA - anatysis of variance 

determines dai die site and background data tcts come fitim die same population. 

- - Not appbcable (note: background compirison not conducted for organic lumpounds) 
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Results of Field Investigations 

FOCs—Toluene (0.0025 to 0.012 ng/g) was the only VOC detected in the confirmatory 
samples from Talladega Creek. Toluene was detected in four samples from transect SD-TA-210 
from the Study Area 16 and 19 drainage. 

SVOCs—SVOCs were not detected in the confirmatory samples from the Talladega Creek 
drainage. 

Summary—Eight metals, two explosives, and one VOC were detected above background 
in the sediment samples collected from. Talladega Creek and its tributaries. Maximum 
concentrations of three CEB metals, both explosives and toluene, were detected in samples from 
the tributary draining Study Areas 16 and 19. Maximum concentrations offive CEB metals were 
detected in sediment samples from the tributary draining Study Area 22. 

4.7.10 Coosa River 

C 

During Phase 1 of the Supplemental RI, eight samples were collected from four transects 
along the Coosa River near ALAAP, as shown in Figure 4-55. Samples "A" and "B" were 
collected from the left and right sides ofthe channel, respectively, as one looks upsfream. Samples 
were screened for explosives and sent to the laboratory for confirmatory analysis. All samples were 
analyzed for metals, explosives, VOCs, and SVOCs. Figure 4-55 shows the locations where 
general contaminant group CEBs were detected in the Coosa River sediments. The summary 
statistics for detected chemicals are provided in Table 4-96. Appendix K provides the data 
siunmary tables. c 

Metals—Eleven metals exceeded background 
concentrations in sediment samples from the Coosa 
River, as shown in the adjacent box. Maximum CEB 
metals concentrations were detected in samples 
SD-CO-OIOA and SD-CO-OlOB near the confluence of 
Talladega Creek with the Coosa River and at a point of 
deposition (SD-CO-020B) along the river reach 
adjacent to the ALAAP facility. Both the maximum 
barium and mercury concentrations were detected in 
sample SD-CO-020B. 

Maximum Concentrations* | 
Analyte 

Aluminum 
Barium 

Beryllium 
Caldum 
Cobalt 
Copper 
Lead 
Magnesium 
Mercury 
Potassium 
Sodium 

ug/g 
32,000 

509 
1.77-

9,200 
19.6 
54.3 
41.5 
4,120 

\2 
1,740 
239 

Explostyes—^An isolated TNT concentration 
(3.3 ng/g) was detected during field screening. 
Explosives were not detected in the laboratory confinnatory samples 

'Metals also determined to exceed background based on 
ANOVA evaluation are shown in bold 

c 
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Table 4-96. Summary Statistics and Exposure Point Concentrations for Sediment at Study Area CO - Coosa River 

Alabama Army Ammunition Plant, ChUdersburg, Alabama 

o 

Os 
00 

Run Time: 6:34:30 PM 

Run Date: 3/29/99 

Exposure Unii: C 0 _ D S 1 

Parameter 

Ahiminum 

Barium 

Berylhum 

Calcium 

Cobalt 

Copper 

Iran 

Lead 

Mapicsium 

Manganese 

Mercury 

Nickel 

Potassaim 

Sodium 

Unils 

i V g 

MCg 

f t / l 

f l / t 

f i l l 

PCg 

f f l 

f i l l 

f i l l 

PCg 

W B 

pg/g 

f i l l 

f t l l 

f i l l 

f C g 

pg'g 

f i l l 

f i l l 

f i l l 

Pniponkxi o f Detects 

AB Sampta* 

/ > 
/ 8 

/ > 
/ 8 

/ 8 

/ 8 

/ 8 

/ 8 

/ 8 

' 8. 

/ 8 

/ 8 

/ 8 

/ 8 

/ 8 

' 8 

/ 8 

/ 8 

/ 8 

/ 8 

Propcvtio nofOeiecu 

TemponI A Spadal 

Sampta' 

4 -
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/ 8 
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/ 8 -

/ 8 

/ 8 

/ 8 

/ 8 

/ 8 

/ 8 

/ 8 . 

/ 8 

/ 8 

/ 8 

/ 8 

/ 8 

/ 8 

' 8 

/ 8 

/ 8 

' 
Frequency 

ofDeteclion' 

100% 

100% 

88% 

100% 

88% 

88% 

100% 

38% 

100% 

100% 

38% 

50% 

100% 

30% 

100% 

13% 

38% 

63% 

23% 

63% 

NonDetectt 

Mm CRL' 

.. 

0.23 

.. 
2.5 -

3.4 

--
10.0 

.. 

.. 
0.087 

7.5 

30 

0.24 

0.0062 

0.0051 

0.0023 

IOOO 

MaxCRL' 

.. 

023 

.. 
2.5 

, i * 

IOO 

.. 

0.087 . 

7.3 

• - . 

• 3 0 -

0.24 

0.0062 

0.0031 

0.0023 

IOOO 

Detects 

Minimum 

3.250 

19 

0.49 

431 

5.3 

5.6 

10,000 

32 

328 

160 

0.18 

14 

344 

77 

18 

0.28 

0.0056 

0.0022 

0.0027 

3.150 

Maximum 

32,000 

509 

. 1.8 

9J0O 

20 

54 

26.000 

42 

. 4.120 

- 1.300 

1.2 

22 

1,740 

239 

49 

' 0.28 

0.046 

0.0081 

0.0036 

19,600 

Arithmetic 

Mean' 

14,794 

236 

081 

2,319 

9.3 

15 

19,250 

17 

1,733 

493 

O30 

10 

925 

91 

31 

0.14 

0.0092 

0.0034 

0.0017 

3,248 

Slandard 

[)eviation' 

9,119 

181 

0.52 

2,945 

3.7 

17 

6,882 

16 

1,113 

363 

0.45 

7.5 

451 

92 

11 

0.057 

0.015 

00020 

0.00091 

6J82 

Dbtribulion' 

Nomiai 

Nonnal 

Nonnal 

Lognoimal 

Nonnal 

Lognormal 

Nonnal 

Lognonnai 

Nonnal 

Lognormal 

Lognonnai 

Nonnal 

Nonnal 

Lognonnai 

Nonnal 

Lopiormal 

Lognormal 

Lognonnai 

Lognonnai 

Lognornial 

95% UCL of 

Aridi. Mean' 

30,902 

357 

1.2 

8,406 

13 

65 

23,860 

69 

2,478 

989 

3.8 

15 

U 2 7 

351 

38 

0.18 

0025 

0.0050 

00023 

80,992 

Exposure 

Poinl 

Corventralion' 

20,902 

357 

1.2 

8,406 

13 

54 It 

23,860 

42 P 

3.478 

989 

1.2 P 

15 

1,227 

239 . « 

38 

0.18 

0.025 

00050 

00023 . 

19,600 P 

2 > B K 

Mean' 

25.323 

131 

1.5 

2,150 

19 

42 

46,260 

35 

I.n 14 

I.(i64 

23 

l.: i93. 

197-

78 

-. 
'--

Background 

Comparison' 

ICEBIANOVA) 

(CEB) 

(CEBIANOVA) 

(CEBIANOVA] 

(CEBIANOVA) 

(CEBIANOVAI 

(bkl 

(CEBIANOVA( 

(CEBIANOVA) 

IbV) 

ICEB) 

IbV) 

(CEBIANOVA) 

• (CEBIANOVA) 

(bk) 

(CEB) 

(CEB) 

(CEB) 

(CEB) 

)CEB) 

Bcnzo(a)pyicnc 

Methylenechloride 

Methylethylketone 

Tohiene 

Tou l Oitanic Carbon 

* For Uw "l^roponion of Detects - A l Sainples" coluinn, counts were ba^cd an thc unlverigcd dat* LCL 

^ For the Troportion of Detects • TemponI and Spatial Simples' and the Tiequency of Detection'' cohunns, courts were based on the avenged dau set (e.g., groundwater sampks from the same wefl were averaged). 

*CRL - contr*ct reponing l im i t ' * • ' 

'Nondetects were treated as one-half the defection limil in the calcuUtion or lhe site and background (BK) arithmetic m 

* Distiibutiofu fir the calcuUtion ofexposure poirt coiKcnintioiB (EPCi): I ) Iffewer Oan 4 samples are available in U K site d iU sd . "Undetcnnined* is indicated and Ihe 95%(XL is calcuUled basod on a lognonnai distribulioa 2) I f thc nomial 

goodness-orflt test coefFtcicni b greabT than the ait ical value, die distribution is nonnal. 3) Ifthe lognonnai goodneu-oFfil tcci ooefficicnt n peater than the critical vahw, the distribution is lognormal. 4) Ifneither of ihc goodncu-of-fit 

test coefficients E greater than the ci i i i ia l value, the distribution is assuiiwd to be bgnonna). 

* Tbe EPC b the 9S% UCL of O K anthmetic meui with 2 exceptions: i f the 9S% UCL exceeds the niaximum detected vahie (denoted by a *ff* next to the EPC) or the site daU set conuins (icwer than 4 samples, the maximum detected value is subiittiuted a^ the EPC, 

'CEB (chemical exceeding background) • the maximum detocted resull is greater than or equal to hvo times dc backptund mean; bk (background) - the inaximum detected resull a less tlmn two tones the background mean; ANOVA • analysK of variance 

determines thai the site and backgrounj dau sets coHK from the same popuUtion. ~ : 

- - Not applicable (note: background comparison not conducted for organic conipounds) 

Pa 
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Maximum Concentrations I 
Analyte 

Methylene Chloride 
Toluene 
MEK 

pg/g 
0.046 
0.0036 
0.0081 

VOCs—Three VOCs were detected in the 
Coosa River sediment samples. Methylene chloride 
(0.0056 to 0.046 ^g/g), MEK (0.0022 to 0.0081 ^g/g), 
and toluene (0.0027 to 0.0036 |ig/g) were variably 
detected at low concentrations within the river 
sediments. MEK and toluene concentrations were all near or below the CRL. Two of the three 
methylene chloride detections also were near or below the CRL. 

SVOCs—Benzo(a)pyrene (0.28 ug/g) was the only SVOC detected in the Coosa River 
sediment at SD-CO-OlOB near the confluence of Talladega Creek with the Coosa River. 

Summaty—Eleven metals, three VOCs, and one SVOC were detected in the Coosa River 
sediment samples. Maximum metals concentrations were detected in sample SD-CO-020B and 
both samples from transect SD-CO-010. The majority of VOC detections were near or below the 
CRL. Benzo(a)pyrene was detected in only one sample (SD-CO-0108). 

4.7.11 Summary of Sediment Resulte 

Sediment samples were collected from streams, ponds, and ditches, includihg six study 
areas (Study Areas 5, 9, 16, 21, 26, and 27), Talladega Creek, and the Coosa River. Sediment 
samples were collected from Fanning and Talladega Creeks to serve as a background comparison. 
In addition, at Study Area 9, samples were collected from the basin sediment, tar-like material 
present on a portion of the Aniline Sludge Basin, and the sediment beneath the tar. The chemicals 
detected in background samples and at concentrations exceeding background in tar samples and 
sediment samples from all study areas are shown in Table 4-97. 

At Study Area 9, maximum surface sediment metals concentrations were detected in the 
sample collected from the north end of the Aniline Sludge Basin. The tar samples from the basin 
contained 10 metals that exceeded background; the maximum concenfrations of these metals were 
detected in the eastem tar sample. The sediment beneath the tar, which contained eight CEB 
metals, and the tar had only three common CEB metals. 

The Study Area 16 drainage area sediment samples contained only three metals, one of 
which is a nutrient (sodium), above background concentrations. Study Areas 21, 26, and 27 each 
contained 15 or more CEB metals. 

The Red Water Ditch (Study Area 21) data set contains samples from remediation 
confirmatory analysis (subsurface sediment) and Supplemental RI analysis. Lead was the only 
metal analyzed for in the subsurface sediments, and it was a CEB in both the surface and subsurface 
sediments. The maximum concentrations of 7 of the 17 CEB metals were detected in samples from 
the northeast end of the ditch. 
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Table 4-97. Chemicals Exceeding Background in Sediment and Tar Samples 
Alabaihna Army Ammunition Plant Childersburg, Alabama 

Chemicals' 

Inorganics 

AJuminum 

.Antimony 

Arsenic 

Barium 

Bervllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury " 

Molybdenum 

Nickel 

Potassium 

Selenium 

Sodium 

Thallium 

Vanadium 

Zinc 

Explosives 

1,3,5-TNB 

TNT 

2,4,-DNT 

2,6-DNT 

2 - A 4 , 6 - D N T ' 

4-A-2,6-DNT 

HMX 

Tetryl 

VOCs 

Acetone 

Berizene " 

Carbon Disulflde 

MEK - ,-

Methyl chloride 

Styrene 

Toluene 

Xylene 

Study Areas 

5 

' 

• , 

1 

' 

1 

1 

? 
Basin 
Sed. 

1 

• 1 

1 

1 

1 

i 

1 

1 

I 

1 

1 

1 

• 

r 

1 

9 
Tar 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 • 

i -

_9Sed-_ 
Below 
Tar 

2 

2 

2 

2 

2 

2 

2 

1 

' 

16 

1 

1 

1 

• - • • ' 

21 

1 

1 

1 

1 

1 

1 

1 

1 

1,2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1,2 

1 

• V '-

1 

1,2 

1 ' 

1 

•1 

1 

26 

1 

1 

, 1 

1 

' 1 • 

1 

1 

1 

• 1 

\ 27 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

, 

1 
• 

1 

' . . 
• \ 

1 

i 

Talladega 

!• 1 . 

1 

1 ' 

1 

1 

' 

1 

: 
i 

, 1 

; • 

1 ' ' ' ' 

1 

1 

• ' • - . ^ • - ,• • 

' 

. , . . • • . . •' . 

, 

. • 1 

Coosa 

1 

. f . 

, . - , . . . . • : . . . 

' t ' 

• r ' 

' •- • . 

f • • ' 

. 1 . 

1 

1 , 

Background'' 

1 

1 

• 1 

1 

, . 1 , 

. . . . 1 • 

1 

1 

,1 

1. 

1 . 

•. • ^ l . - , , 

1 

1 . 

. 1 

1 

1 

1 
l ' • 

-

i. • 

1 

,.., 
• • • 

1 

1 

3 
* A value of I indicates that the chemical exceeded background in surface sediments; 2 indicates that the chemical exceeds backgiround in subsurface 

sediments. . , 
'' Chemicals that were present in background sediments. 
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Table 4-97. Chemicals Exceeding Background in Sediment and Tar Sampleis 
Alabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

Chemicals' 

SVOCs 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)iluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoran thene 

Benzoic Acid 

bis(2)chloroisopropyl)ether. 

B2EHP 

• Carbazole 

Chrysene 

di-N-butyl phthalale 

Fluoranthene 

lndeno( 1,2.3-cd)pyrene 

N-Nitrosodiphenylamine 

Phenanthrene 

Phenol 

P>Tene 

Srudy Areas 

5 
9 

Basin 
Sed. 

1 

1 

1 

9 
Tar 

1 

1 

1 

9 Sed. 
Below 
Tar 

1 

1 

1 

1 

16 21 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

26 

1 

1 

1 

1 

1 

1 

1 

1 

1 

27 

1 

1 

1 

1 

1 

Talladega 

, 

Coosa 

1 

Background'' 

A value of I indicates that the chemical exceeded background in surface 
subsurface sediments. 
Chemicals that were present in background sediments. 

sediments; 2 indicates that the chemical exceeds background in 

c 

c 
The Crossover Ditch (Study Area 26) samples contained 22 metals, 21 of which were 

present at concentrations exceeding background. Maximum metals concentrations were detected in 
samples from locations on the Alliance property (formerly ALAAP property) and north ofthe Red 
Water Ditch. 

Metals concentrations exceeded background at all Study Area 27 sample locations except 
those from the east Beaver Pond. Twelve of the 15 CEB metals were detected at maximum 
concentrations in samples from the most downstream location near the Coosa River. 

In the Talladega Creek and tributaries, maximum CEB metals concentrations were detected 
in the tributaries that drain Study Areas 16/19 and Study Area 22. Sediment samples collected in 
the Coosa River near the Talladega Creek confluence and along the river reach adjacent to the 
Alliance property (formerly ALAAP property) contained maximum CEB metals concentrations. 

Target explosives were detected in samples from Study Areas 9, 21, and 26 and the 
Talladega Creek. One nontarget explosive, HMX, was detected at low (less than 0.5 pg/g) 
concentrations in one sample each at Study Areas 5 and 27. The highest concentrations and most 
frequent detections of explosives were in the sediments from Study Area 21, the Red Water Ditch. c 
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J 

1 

The finding is consistent with the use of the ditch to carry process wastewaters. All other sediment 
explosives concentrations were less than 6 |jg/g. 

VOCs were detected in samples from Study Areas 5, 9, 21, 26, and 27 ahd the Talladega 
Creek and Coosa River. VOCs also were detected in the background sediment samples at 
concenfrations hear or below the CRLs. VOC concentrations at Study Area 5 and in many ofthe 
samples from other study areas were near or below the CRLs. At Study Area 9, toluene was 
detected in one surface sediment sample and benzene was detected in both tar samples. Samples 
from all five transect locations at Study Area 21 contained VOCs, but all concentrations were less 
than 0.3 ng/g. Although five VOCs were detected ih sediments at Study Area 26, concentrations 
were all less than 0.05 |ig/g. At Study Area 27, MEK was detected at concentrations near or below 
the CRL. Toluene was detected at concentrations less than 0.03 ng/g in Study Area 27 samples at 
the east end ofthe drainage system,near Study Area 17. Toluene also was detected in four samples 
from Talladega Creek and its tributaries. All concentrations were less than 0.02 pg/g. Coosa River 
sediment samples contained three VOCs, all vvith concentrations less than 0.05 pg/g. 

SVOCs, the majority of which are PAHs, were detected in samples from Study Areas 9,21, 
26, and 27 and the Coosa River. Six PAHs and bis(2-chloroisopropyl)ether were detected at 
concentrations less than 2 pg/g and N-Nifrosodiphenylamine was detected at concentrations as high 
as 500 pg/g. N-Nitrosodiphenylamine is used in the prodtiction of smokeless powder. 
Comparatively high concentrations of three SVOCs (carbazole, N-Nifrosodiphenylamine, and 
phenol) were detected in the Study Area 9 tar sample. N-Nitrosodiphenylamine was detected at a 
maximimi concentration of 4,000,000 pg/g in the tar samples. The same three SVOCs detected in 
the tar samples, as well as benzoic acid, were detected in' the sediments beneath the tar. All 
concentrations in the sediments beneath the tar were several orders of magmtijde lower than in the 
tar samples. Nine PAHs and benzoic acid were detected in the Red Water Ditch sediment samples. 
The majority ofthe Study Area 21 SVOC detections were from transects located between Study 
Areas 7 and 10. Six PAHs, benzoic acid, two phthalates, and N-Nifrosodiphenylamine were 
detected in sediment samples from the Crossover Ditch. PAH concentrations all were less than 
2 IIo/o_ A.11 "hthalat** c^ncn^'^ti'^"'' were less than 31 *>"i" N-Nitrosodi^hsn^lamine was detected 
in only one sample at 0.49 pg/g. Benzoic acid concentrations all were less than 8 pg/g. Three 
PAHs, benzoic acid, and B2EHP were detected in sediment samples from three Study Area 27 
transect locations. With the exception of benzoic acid (9.3 pg/g), all maximimi concentrations 
were less than 0.4 pg/g. One PAH (benzo[a]pyrene) was the only SVOC detected in the Coosa 

4.8 BIOTA RESULTS 

This section presents the results of analysis of animal tissue collected from background 
locations and the study areas. These data are used to assess the potential for uptake of contaminants 
from abiotic media into living organisms. The data also are used to assess exposure in the 
ecological risk assessment (Section 7). Background results are presented in Section 4.8.1. Results 
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are presented for crayfish (Section 4.8.2), fish (Section 4.8.3), fish fillets (Sectioh 4.8.4), and rabbits ^ . 
(Section 4.8.5). ( 

4.8.1 Background Biota Resulte 

Crayfish, fish, fish fillets, and rabbits were collected from background locations near the 
ALAAP - Area B boundaries and the tissue was analyzed to assess uptake of chemicals. 
Figure 4-56 shows the locations of backgroimd biota sampled, sample identifications, and groups 
of analytes detected in biota tissue. Tables 4-98 through 4-101 provide summary statistics for each 
type of background biota tissue result. Data summary tables are provided in Appendix K. 

4.8.1.1 Background - Crayfish 

Five crayfish samples were collected during Phase 1 of the Supplemental RI from 
background locations: four crayfish were collected from Talladega Creek .above the influence of 
ALAAP, and one was collected from Fanning Creek (see Figure 4-56). Because two crayfish were 
small (one from Talladega Creek and one from Farming Creek), they were composited into a single 
sample (BC-BK-004) to obtain sufficient tissue for analysis. All samples except one from 
Talladega Creek (BC-BK-003) were analyzed for metals, explosives, SVOCs, and pesticides/PCBs. 
The sample from Talladega Creek (BC-BK-0G3) was analyzed for hexavalent chromium and 
explosives. 

Metals—Sixteen metals were detected in background crayfish tissue. Summary statistics 
for these metals are presented in Table 4-98. Concentrations of seven ofthe detected metals were 
highest in the composite sample (BC-BK-004). 

Explostyes—Explosives were not detected in any of the crayfish tissue samples obtained 
from the background locations. 

SVOCs—SVOCs were not detected m any of the background crayfish tissue samples 
analyzed. 

Pesticides/PCBs—Pesticides and PCBs were not detected in the background crayfish 
samples analyzed. 

4.8.1.2 Background - Fish 

Ten fish, includmg the two fish fillets discussed in Section 4.8.1.3, were collected from 
background locations (see Figure 4-56). Samples were analyzed for metals, explosives, SVOCs, 
and pesticides/PCBs. 

c 

c 
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Table 4-98. Summary Slalistits and Exposure Poinl ConcentraUons for Crayilsh al Sludy Area BK - Background 
Alabama Army Ammunillon Plant, Childersburg, Alabama 

KJ 

RunTime; 12:05:03 PM 

Run Dalc: 3/31/99 

EKposure Unii: BK_PS3 

Puametcr Unils 

Proponion of Detects 

AOSunpIo ' 

Proponion or Detects 

Tenipora] A Spui i l 

Sunpks' 

Frequency NonDctecu Detcclk 

of Detection' MinCRL' M u C R L ' Minimum Mu imum 

Arilliinetic 

M e u ' 

Standard 

Devialion' Distribulion' 

9 5 S U C L o r 

Ar i th Mean' 

E.xpoiiUie 

Poinl 

Cnncenlralion' 

2 i B K 

Mean"* 

Backgiuuiid 

("ompari.son' 

Aluminufn 

Amimony 

Athene 

Barium 

Calcium 

Copper 

Iron 

Lead ' 

Magneiium 

Mai^ancie 

Pocassimi 

Selenium 

Silver 

Sodium 

Vanadium 

Zinc 

Mfg 
f l i t 
f i l l 
f l i t 
f i l l 
f t l l 
f i l l 
f i l l 
f i l l 
f ^ l 
f l / t 
1^1 
f l i t 
f i l l 
Mf( 
f i l l 

IOOS 

33S 

33S 

100% 

100% 

67% 

100% 

67% 

100% 

100% 

100% 

33% 

100% 

100% 

33% 

100% 

.. 
0.12 

0080 

.. 

9.3 

.. 
0.25 

.. 

0090 

0.25 

0.15 

0.73 

--
-. 
9.3 

0.25 

.. 
0090 

.. 
0.40 

.. 

93 

0.21 

OIOO 

37 

38,100 

23 

105 

0 IOO 

594 

198 

1,520 

0090 

0.98 

1,450 

0.40 

21 

147 

0.21 

0.100 

- 94 

51,800 

26 

264 

0.16 

812 

880 

1,690 

0.090 

1.4 

1,560 

•0.40 

26 

113 

012 

0.17 

60 -

42.900 

18 

159 

0.13 

701 

467 

1.613 

0060 

1.2 

1,517 

0.24 

23 

Undaermined 

Undetermined 

Undetermined 

Undeiennined 

Undetermined 

Undctenninod 

Undeiennined 

Undetcnnined 

Undetermined 

Undetermined 

147 

0 2J 

O.IOO 

94 

51.800 

26 

264 

016 

812 

880 

1.690 

O09O 

1.4 

1,560 

0.40 

26 

0.23 

0.34 

121 

8!..800 

36 

318 

(1.26 

1.401 

'133 

3,227 

(1.12 

2.3 

3.033 

0.48 

47 

* For thc Trtjponion of Detects • AD Samples" column, counts were based on the unaveraged data set 

'For the "Proportion OfDetects • TcmpontI and Spatial Samples" and Uw "Frequency ofDeteclion" columns, counis were based on the avenged dau set <e.g., groundwater samples from die same weD were averaged). 

' C R L ' contraa reponing limit. 

'Nondetects were treated as one-halflhc detection limit in the calculation orthe silc and background (BK) arilhmetic means, standard deviation, and 93% up|>er confidence limil (UCL). 

' Dbtribulions for the calculation of CKposuie point concentratioiis (EPCs); 1) Iffewer than 4 samples are available in the sile dau set, TIndetcrmincd" is indicaled and Ihe 95%UCL is calculated based on a lognonnai dislribulion. 2) If the nonnal 

goodncss-of-fil tesl coefficient is grealer ihan U K criiical value, the distribution is normal. 3) If lhe lognonnai goodness-otfit test coefficient is peater dian Ihe critical value, the distribution is lognonnai. 4) I f neidia ofthe goodness-of-lil 

test coefncients is prater than the criiical value, Ihe disn^wtion ts assumed lo be bgnonnal. 

' The EPC B IlK 95% UCL o f die aridimetic mean with 2 exceplions; i f llK 95% I C L exceeds IIK: inaximum detected value (denoted bya 'X " next lotheEPClorthe site dau sa coiaains fewer than 4 samples, die maximum drtected value Ls subsltulcd as Ihc EPC. 

* CEB (dcmical exceeding backgroural) • the mu imum daected icsull is greaia Ihan or equal to two limes the background mean; bk (btfikground) - the mu imum detected result b las than two limes the background mean; ANOVA - analysis of variance 

determiiics that the tite and background dau sett come from dw same isopulation. 

- - Not applicable (note: background compaiison not conducted for oiganic compounds) 
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Table 4-99. Summary Statistics and Exposure Point Concentrations for Fish at Study Area BK - Background 

Alabama Army Ammunition Plant, Childersburg, Alabama 

n "a o 
3 

K) 

ON 

RunTime: 12:03:09 PM 

Run Date: 3/31/99 

Exposure Unil: BK_PS2 

Paramaer 

Aluminum 

Antimony 

An*nic 

Barium 

Calcium 

Coppa 

Iron 

l.ead 

Magnesium 

Manganese 

Meirury 

Potassum 

Selenium 

Sodium 

Vanadium 

Zinc 

2,2bis(P'Chk>rophen>l>-1,1 -dichl 

2,2-bis (para-chlorDphcnyl)-l, 1,1 • 

4-Methyl Phenol 

AUrin 

Benzoic Ackl 

Endrin Aklch)dc 

beu-BHC 

bis(2-Ediylhexyl)phtfialaie 

Units 

f l / l 

Mg/g 

P8/( 

f l / l 

fg/g 

pg'g 

Mg/g 

f i l l 

l l t / l 

f t / t 
f i l l 
f i l l 
f i l l 
M / l 

f i l l 

f i l l 

f i l l 

f t l l 
f i l l 
f i l l 
f i l l 
f i l l 
pg'g 

f i l l 

ProponkMi OfDetects 

An Samples' 

10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

10 

/ 10 

/ 10 

10 

/ 10 

/ 10 

/ 10 

10 

10 

10 

10 

10 

10 

10 

10 

Proponkm of Deiecb 

Temporal A Spalial 

Samples' 

10 / 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

Frequency 

o f D a e a n n ' 

IOO"/. 

90% 

40% 

90% 

100*^ 

40% 

100% 

40% 

100% 

100% 

100% 

100% 

30% 

100% 

10% 

100% 

80% 

10% 

40% 

10% 

40% 

10% 

10% 

30% 

NonDaects 

MinCRL' 

0.19 

0.19 

1 2 

0.84 

O.IOO 

.-

O.IOO 

0.38 

O0033 

00033 

0.33 

0.0017 

1.6 

O0033 

0.0017 

0.15 

M u C R L ' 

019 

0.30 

12 

3.2 

O.IOO 

--

2.5 

0.40 

0.0033 

0.0033 

0.66 

0.0017 

3.2 

0.0033 

0.0017 

066 

Daecis 

Minimum 

I I 

022 

on 
1.3 

6.380 

l.l 

10 

O.IOO 

323 

3.1 

0.060 

1,920 

OIOO 

630 

0.42 

17 

0.0023 

O0052 

O067 

00026 

022 

00033 

00019 

0 16 

Maximum 

56 

1.3 

0.20 

5.8 

202,000 

5.7 

63 

021 

472 

37 

0.27 

3,160 

0.15 

6,100 

042 

50 

0.032 

0.0052 

0.15 

0.0026 

0.46 

0.0035 

0.0019 

0.72 

Arilhmaic 

Mean' 

26 

0.74 

013 

2.8 

32,174 

IS 

26 

0.085 

404 

18 

017 

2,666 

0.31 

2,502 

022 

28 

0.0089 

0.0020 

016 

O.OOIO 

069 

OOOI 8 

0 0 0 0 % 

022 

Sundard 

Deviation' 

13 

042 

0.032 

1.6 

59,950 

1.6 

17 

0.054 

52 

I I 

0.064 

432 

049 

1,765 

0.071 

I I 

00092 

O.OOII 

0071 

0.00033 

O40 

000059 

000033 

O20 

Distribulion' 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Lognonnai 

Nonnal 

Lognonnai 

Normal 

Nonnal 

Normal 

Nonnal 

Lognonnai 

Normal 

Lognormal 

Nonnal 

Lognonnai 

Lognornul 

Lognonnai 

Lognormal 

Lognonnai 

Lognomul 

Lognornul 

Lognomul 

9.v, tUCLor 

Arilh. Mean' 

34 

098 

0 15 

38 

71.161 

3.1 

35 

013 

434 

24 

0.21 

2,916 

1.4 

3.525 

025 

34 

0.026 

0.0025 

0.22 

0.0013 

1.2 

0.0021 

0.0011 

O40 

Exposure 

Pomi 

Concenlralion' 

34 

0.98 

015 

3.8 

71,161 

31 

35 

0 13 

434 

24 

021 

2.916 

015 0 

3..525 

0.25 

34 

0 026 

O0025 

015 » 

0.0013 

0.46 0 

0 0021 

OOOM 

0.40 

: x U K 

Mean' 

52 

1.5 

0.26 

5 7 

h4,14K 

30 

51 

017 

809 

3b 

0 34 

5.332 

0.62 

5.0O4 

0.43 

56 

Itackiiiouiid 

Coinpaii.M>ii' 

* For d c "PiDporlkxi of Dacc ts - AD Samples" column, counis were based on Ihe unaveraged d a u s a . 

For die "Proponkm ofDetects - Temporal and Spatial Samples" and the "Fiequency of Deteakm" columns, courts were based on die avenged d a u s a (e .g , groundwata samples from ihc same weU werc averaged). 

'CRL - contraa reporting limit 

Nondetects were treated as one-half die detection limit in die calcutaiion of die sile and background (BK) arilhmaic means, slaiidaid deviation, and 9 5 % u p p a confklence limil (UCL). 

* Distribuluns for the cahnilalion of exposuie point concentratkms (EPCs); I ) If f e w a Uan 4 samples are available in Uv sile d a u s a . "Undaermined" is indicaled and die 95%UCL is calculaled based on a kignonnal distribulion 2) If lhe normal 

goodncss-of fil test coefficient is pea te r Uian Uie critical value, die disbibutkm is nomuL 3) Iflhe kignonnal goodncss-of-fil lest coefficient u p c a l a Uian die criiical value, Uic dislribulion is kignonnal. 4 ) l f ne i tha of ihc goodness-of-fii 

test coefficlcnis E g rea t a dun Uic critical value, Uie distrftution is assumed to be kignonnal. 

' T h e EPC Bi die 9 5 % UCLof lhea r iduna i cmean with2 exceptkms: if die 9 5 % UCLexcccds the m u i m u m daeclcd value (denoted bya "0"nexl iodic EPC) or d c sile d a u s a contains fewer don 4 samples, Ihe m u i m u m delecied value l̂  subsumed a.s Ihc bPC. 

' CEB (chemical exceeding tuckground) - Ihe m u i m u m deleacd resull is greater than or equal 10 Iwo limes Ihe background mean; bk (tnckground) - Ihe nuximum deteaed resull is less than Iwo limes Ihe background mean: ANOVA • analysts of variance 

tfetermines dut the site and background d a u sets come from the same population. 

- - Not appbcable (note: background comparison nol conduaed for organic compounds) 
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Table 4-100. Summary Statistics and Exposure Point Concentrations for Fish Fillets at Study Area BK - Background 
Alabama Army Ammunition Plani, Childersburg, Alabama 

n 
•a 
o 
3 

RunTime 12:06:49 PM 

Run Date. 3/3l/'>9 Proponkm of Detects 

Exposuie Unit UK._PS4 

Parameta 

Antimony 

Arsenic 

Barium 

Calcium 

Coppa 

Iron 

Magnesium 

Manganese 

Macury 

Pousstun 

Sodium 

Zinc 

2.2-bis(p-chlorophenyl)-1.1 -dichl 

bis(2.Ediylhexyl)phlhalate ' 

All Samples' Temporal & Spatial 

Units 

fUt J 
f i l l i 
f t l l t 
pg/g 1 

f t / l 2 

Mg'g J 

pg'g 2 

Mg'g 2 

Mg'g 2 

Mg/g 2 

Mg'g 2 

f t l l 2 
Mg'g 2 

f i l l 1 
Mg'g • -2 

Samples' 

2 2- / 2 - - • 

Frequency 

of Detectkm' 

100% 

100% 

100% 

50% 

100% 

100% 

100% 

100% 

100% 

IOO"/. 

100% 

100% 

100% 

50% 

- 100% 

NonDctects 

MinCRL' M u C R L ' 

12 1.2 

0.0033 0.0033 

Detects 

Minimum Mu imum 

I I 13 

0.37 0.96 

0.13 020 

1.3 13 

6,380 6,960 

1.1 5 7 

10 14 

323 345 

3.1 6 0 

013 027 

3,120 3,160 

630 3,670 

17 26 

00043 00043 

016 . 030 

AriUmiBic Sundard 95% UCL of Poinl 

Mean' Deviation' DLsnibulion' Arilh. Mean' Concennalion' 

12 

0.67 

017 

095 

6,670 

3.4 

12 

334 

4.6 

0.21 

3.140 

2,150 

21 

0.0030 

.0.23 

Undetemiined 

Undaermined 

Undetcnnined 

Undaermined 

Undaennined 

Undetcnnined 

Undelermincd 

Undaermined 

Undelermined 

Undaermined 

Undaermined 

Undaermined 

Undaermined 

Undaermined 

Undelermined. 

13 

0.96 

0.20 

1 3 

6.960 

.5.7 

14 

345 

6 0 

0.27 

3,160 

3.670 

26 

O0043 

0.30 

2 :i BK Uackt louiid 

Mean' Coii ipj i isoi/ 

. 24 

13 

0 33 

\ .1 

13,340 

iSS 

24 

(.68 

'» 1 

042 

6.280 

4.300 

42 

.. 

* For die "Proponkm of Danru - AD Samples" column, counts werc based on die unavenged dau sa . 

'For. die "Proponkm ofOaects - Teinponil and Spatial Samples" and die "frequency of Deiectun" columns, counts were based on die avenged dau s a (e.g, groundwata samples from die same wcB were asciaged). 

'CRL - contraa reponing limil. . ' • . 

' Nondetects were trealed as ore-half the daeclion limil in ihe calcuUlwn ofthe site and backgrouid (BK) arithmaic means, surdard devialion, and 95% upper confidence limil (UCL). 

* Dislributkms for die caiculalion ofexposure point conconraliORS (EPCs); I) Iffewa Uon 4 sampks arc available in die sile dau set. Tlndetcrmined" b indicaled and the 95%UCL is calculaled based on a lognormal distribulion. 2) If the nomiai 

goodness-of-fu lesl ooefficienl is p e a l a Ihan die crilkul vahie, die dist.'ibulion is nonnal. 3) If die kignormal goodness-of-fil tesl coefficient isgiealaUun die criiical value, die disbibuiion is kignonnal 4) Ifncidia ofihe goodness-of-fil 

test coefficients is grcaia Uon die criiical value, the distribuiioii is assumal lo be bgnomul 

' The EPC is die 95*/* UCL ofdie aridimaic mean with 2 exceptions: if the '>5% UCL exceeds UK muimum daeclcd vahie (denoted by a " 1 " next to Uic EPC) or Uc site dau s a conuins fewa dian 4 samples, d c nuximum daected value is subsltulcd as the LI'C. 

'CEB (chemical exceeding background) - Uie nuximum daecied result is | r ea t a dun or equal to two tinies Uc background mean; bk (background) - die maximum daected resuh is less dan two times Uv background mean; ANOVA - ana)>sis of variance 

determines Ihat the site and background dau sels come from thc same i^opulalion. 

- - Not applicable (note; background comparison not conluctcd for organic compounds) 

I: 

I 
3 
f t 

1 
IO 
o 
o 



Table 4-101. Summary Slatistict and Exposure Point Concentrations for Rabbits at Sludy Area BK - Background 

Alabama Army Ammunition Plant, Childersburg, Alabama 

T i 
n 
o 

a 

- J 
0 0 

RunTime; I2 .0 IO6PM 

Run Date; 3/31/99 

Exposure Unit; B K _ P S I 

Parameta 

Atuminum 

Antimony 

Barium 

Caksum 

Iron 

Lead 

Magnesium 

Nickel 

Pousskim 

Sodium 

Zinc 

Proponkm of Detects Proponkm ofDetects 

AU Samples* Temporal A Spatial Frequency NonDetects Detects AriUimak; Sundard . 

Unils Samples' ofDctaakln ' MinCRL' M u C R L ' Minimum Maximum Mean' Devialkm' DKOibulion* 

f i l l 

f t l l 

MS'S 

f t l l 

f i l l 

f i l l 

f i l l 

PS' l 

MCg 

M</g 

Mg/g 

100% 

100% 

100% 

100% 

SO*/. 

100% 

100% 

100% 

100% 

100% 

1.2 

4.4 

058 

7.8 

532 

14 

015 

232 

094 

3.780 

404 

8.9 

9.6 

073 

7.8 

3,360 

17 

0.15 

368 

l. l 

3,820 

590 

19 

7.0 

066 

4.2 

3,046 

15 

0.098 

310 

to 
3,800 

497 

14 

Undetermined 

Undetermuied 

Undaennined 

Undetermined 

Undetennined 

Undetennina) 

Undelennina) 

95% UCL o f 

Arilh. Mean' 

.-

Exposure 

Poinl 

Concenlralion' 

9 6 

0.73 

78 

5.560 

17 

015 

368 

1 1 

3,820 

590 

19 

2 x B K 

Mean' 

14 

1.3 

8.4 

6,092 

30 

020 

620 

2.0 

7,600 

994 

28 

Background 

Comparison* 

* For the "Piofunkin of Detects • Afl Samples" cohimn, counts were based on U K unavenged dau set. 

'Fo r the "Proponion ofDetects - Tanpon) and Spatial Samples" and Uie "Frequency o f Dctoctkm" cohimns, courts were based on die averaged dau sa ( e g , groundwata samples from die same weS were averaged). 

'CRL - omlraa reponing limit. 

Nondaects were treated as one-halfUie detectkm limit in die cakxilation o f die site and background (BK) arilhmaic means, standaid deviattxi, and 95% uppa confidence limit (UCL). 

'Dbtribulions for the calculation ofexposure point corKCntntions (EPCs); I ) I f f e w a Uian 4 samples are available in Uie site dau so. Tlndetermined" is indKaled and die 95%LCL b calculaled based on a kignormal dislribution. 2) I f thc normal 

goodness-of-fit test coefficient is p c a t a Uian Uie critical value. Uie distribution is normal. 3) I f Uw bgnormal goodness-of fit lest coeflicienl is pea ta Uian the critical value, die dbtribution u bgnotmal. 4) Ifneidier of Uic goodncss-of-fii 

lest coefficienis et greata Uian U K critica) value, U K distribudon b assumed to be bpurma l . 

' The Ef*C b dK 95% UCL of dK aridimaic mean wiUi 2 exceptions: i f U K 95% UCL exccctb the nuximum daected vahK (denoted by a "IV" iKxl to U K EPC) or Uc site dau sa contains Ecwa dun 4 samples, Uie mu imum daeclcd value is subsliluled as the EPC 

' C E B (chcmkul exceeding background) - dK nuximum daeaed resuh b greala dun or equal lo two t ime U K background mean; bk (background) - U K niaximum daected result b less dian Iwo Iknes U K background mean; ANOVA - analysis of vanance 

dctermiiKs Ual U K site and backpound dau sets come from U K same population. 

- - Nol applicable (note; backpound comparison nol conducled for organic compounds) 
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Results of Field Investigations 

3 

Metals—Sixteen metals were detected in background fish samples. Summary statistics for 
these metals are presented in Table 4-99. 

Explosives—Explosives were not detected in any ofthe background fish samples. 

SVOCs—Benzoic acid (0.216 to 0.459 ng/g), 4-methyl phenol (0.0669 to 0.154 ng/g), and 
B2EHP (0.162 to 0.722 ng/g) were detected in the background fish tissue samples. Ofthese three 
SVOCs, only B2EHP was detected at a concentration above the CRL. ' '-

Pesticides/PCBs-^,4'-DDE (0.0025 to 0.0320 ng/g), 4,4'-DDT (0.0052 ng/g), aldrin 
(0.0026 ng/g), beta-BHC (0.0019 ng/g) and endrin aldehyde (0.0035 ng/g) were detected in the 
background fish samples. 

4.8.1.3 Background - Fish Fillets 

Two backgrourid fish fillets (BF-BK-001 and BF-BK-002) were collected outside Area B 
and were analyzed for metals, hexavalent chromium, explosives, SVOCs, and pesticides/PCBs. 

• • . . . • • • . ^ • . ' • . . . . • • . • . - i • ; • : • • • . • , • • . • ] ' : ^ . - -

Mete/s-^Thirteen.metals were detected in background fish fillets. Summary statistics for 
these metals are shown in Table 4-100. ; . ; . , , ' 

I Explostyes—Explosives were not detected in either backgroimd fish fillet. . ', 

SVOCs—One SVOC, B2EHP (0.162 to 0.304 ng/g), was detected in the background fish 
fillet samples at concentrations below the CRL. 

Pesticides/PCBs—A,A :-DDE (0.0043 ng/g) was detected in one (BF-BK-001) of the two 
background fish fillet samples. i 

4.8.1.4 Background - Rabbits 

Two rabbits were collected outside Area B (see Figiire 4-56) and analyzed for metals, 
explosives, SVOCs, and pesticides/PCBs; One ofthe rabbits also was analyzed for hexavalent 
chromium. 

Metals—Eleven metals were detected in background rabbits. Summar>' 
nietals are shown in Table 4-101. 

- i3UAbla9LtWik3 X V r i UAWUW 

Ejqtlostyes —Explosives were riot detected in either ofthe background rabbit samples. 

SVOCs—SVOCs were not detected in either of the background rabbit sarriples. 
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Results of Field Investigations 

Pesticides/PCBs—Pesticides and PCBs were not detected in either ofthe background rabbit 
samples. 

4.8.1.5 Summary of Background Biota Results 

Metals were detected in all the background biota tissue samples. SVOCs and pesticides 
also were detected in background fish and fish fillet tissues. Explosives were not detected in any of 
the background tissue samples. 

4.8.2 Crayfish 

Twenty crayfish were collected fi-om study areas for analysis: 13 fi-om the Crossover Ditch. 
(Study Area 26), 5 fi-om the east Beaver Pond (Study Area 27), and 2 from a Talladega Creek 
tributary that drains Study Areas 16 and 19. The sampling locations are shown in Figure 4-57. 

The entire crayfish (i.e., the whole body) was analyzed for some samples, while the tail and 
remainder of the body were analyzed separately in others. Crayfish tissue samples were analyzed 
for metals, explosives, SVOCs, and pesticides/PCBs. One crayfish fi'om each of Study Areas 26 
and 27 was analyzed for hexavalent chromium. Because chicken necks were used to bait the 
crayfish traps, two chicken necks also were analyzed as a QC measure. Organic compoimds were 
not detected in the chicken necks (see Appendix K), and metals concentrations were low relative to 
crayfish metals concentrations. The results indicate that chemicals detected in the crayfish tissue 
samples did not result fi-om ingestion of chicken necks. 

c 

c 
Data summary tables for the individual 

samples are presented in Appendix K. 
Tables 4-102 through 4-104 provide sumriiary 
statistics for all detected analytes. 

Metals—Fourteen metals exceeded 
background concentrations in crayfish fi-om one 
or more study areas. These metals and their 
maximum concentrations are listed in the adjacent 
box. As shown in the table, higher concentrations 
of 11 metals (out of 14 metals detected) were 
detected in crayfish samples fi-om Study Area 26 
(Crossover Ditch). The highest concentrations of 
eight metals were detected in tissue from crayfish 
collected in the lower end of the Crossover Ditch 
near the western edge of the site. These crayfish 

Maximum Concentiations (mg/g)* j 

Analyte 

Aluminum 
Antimony 
Arsenic 
Barium 
Chromium 
Cobalt 
Iron 
Lead 
Manqanese 
Mercury 
Nickel ' 
Potassium 
Selenium 
Vanadium 

Study Area 26 

530 
0,65 

• 1 " 

1,2 
2.0 

1,000 
1.2 

2,530 
0.13 
2,5 

3,820 
0.34 
1.2 

Study Area 27 

265 

0.48 
187 
0.5 

899 
0.3 

2,290 
0.14 

3,840 
0,3 

Talladega 
Creek 

Tributary 

0.33 

0.28 

2.5 
•> 

0.27 

* ANOVA evaluation not conducted because ttiere are fewer than 
four samples in the background data set. 

c 
Final Rl Report 4-280 August 2001 



Results of Field Investigations 
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Run Time; 6:21:34 P M 

Run D u e ; 3/29/99 

Exposure Uni l ; 26_.PS3 

Parimeler 

AKiminum 

Ani imony 

Aisenic 

Barium 

C i l c ium 

rh ro fn ium 

Cobah 

Copper 

Iron 

Uad 

Maf f ics ium 

Manganoc 

Mercury 

Nickel 

Poussium 

Selenium 

Silver 

Sodium 

Vanadium 

Zinc 

4-Methyl Phenol 

Benzoic Ac id 

Phenol 

bis(2-Elliylhcxyl)phl>ialalc 

Umu 

f l i t 
f l / l 

f i l l 
f i l l 

Mf/g 

Ml^f 

Cl/« -

. f l / l 

f t / t 
f t / t 

f l / t 

f t l l 
f t l l 
f i l l 

f i l l 

f t l l 

f t l l 

f t l l 
f i l l 

f i l l 
Ml/ t 

PB/> 

f t / l 

f t / t 

Table 4-102. 

Pic>ponionorDctccb 

A l l Samples' 

'.'. 

/ 9 

/ 9 

/ 9 

Summa 

Proportion 

-y Stalist io and Exposure Point Concentrations for Crayrish 

ofDelecu, 

Tempon I & Spatial 

Samiiles' 

1 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

Alabama A 

Frequency 

o fDetec l ion" 

100% 

56»; 

IOO-/. 

78S 

100% 

67% 

22% 

IOO*/. 

100% 

67% 

IOO-/. 

loor^ 
44% 

22% 

100% 

I 9 M 

78% 

100% 

67% 

100% 

40% 

6o>; 

60% 

2m. 

rmy Ammunition Plant, 

NonDdecu 

MinCRL' 

.. 
0 18 

IOO 

0.42 

0.72 

0.090 

.. 
0040 

0.76 

O.OSO 

0.34 

0 34 

(1.66 

3.2 

0.66 

0.17 

MaxCRL' 

.. 
041 

l.l 

• -

0.49 

0.88 

0.090 

.. 
0.050 

3.7 

0.080 

037 

039 

0.66 

3.2 

066 

2.2 

at Study Area 26 -
Childersburg, Alabama 

Deiecu 

Minimum 

7.8 

021 

O i l 

40 

347 

050 

1.00 

3.4 

22 

015 

35 ' 

6 2 

OO40 

1.6 

1,110 

O i l 

074 

1,230 

0.37 

16 

0 16 

0 IS 

0 26 

014 

Maximum 

530 

0.65 

1.00 

112 

56,600 

1.2 

2.0 

22 

1000 

1.2 

731 

2,530 

013 

2.5 

3.820 

0.34 

1.3 

1,890 

1.2 

23 

0.34 

0.34 

036 

014 

Arilhmetic 

Mean' 

232 

0.27 

0.54 

62 

32,243 

060 

0.65 

12 

403 

037 

546 

679 

0047 

1.2 

2.151 

O20 

OBO 

1,608 

055 

19 

030 
078 

031 

035 

Slandard 

Deviation' 

191 

0.19 

0.38 

42 

19,956 

036 

0.54 

5.9 

318 

043 

144 

808 

O040 

079 

969 

OIO 

039 

224 

0.38 

2 1 

0078 

0.76 

0O45 

043 

DKPibulion' 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Lognormal 

Nonnal 

Normal 

Lognormal 

Nonnal 

Lognonnai 

Lognormal 

Nonnal 

Lognormal 

Nonnal 

Nonnal 

Nomul 

Nonnal 

Nonnal 

Lognormal 

Normal 

Nonnal 

Lognormal 

Crossover Ditcti 

9 5 % UCL o f 

A r i l h Mean ' 

351 

038 

0.78 

88 

44,613 

082 

10 

16 

600 

2.6 

635 

83.686 

0.088 

1.7 

2.984 

0.26 

1.0 

1,747 

0.78 

20 

0.46 

15 

0.35 

5.8 

Exposure 

Poinl 

Concenlralion' 

3.51 

O.W 

0.78 

88 

44,613 

082 

1.0 

16 

600 

1.2 B 

635 

2.530 P 

0 088 

1.7 

2.984 

026 

1.0 

1.747 

078 

20 

0 34 « 

0.34 n 

0.35 

0 1 4 P 

2 x U K 

Mean ' 

227 

0 2 ! 

0.34 

121 

85,800 

36 

318 

0 26 

1,401 

933 

3.227 

012 

2.3 

3.033 

0 48 

47 

Ujckg iou i id 

Co inp jasun ' 

ictui 
|C1:U| 

ICtbl 
(bk | 

Ibkl 

ici;u) 
jCEUI 

|bk| 

ICEUI 

( C M I 

|bk| 

jCEBI 

ICEHI 

ICEBl 

ICEBl 

ICEBl 

Ibkj 

|bk| 

ICEHI 

• Ibkl 

I C t H l 

i c t u i 

ICEBl 

ICEBl 

* Kor the "Proponion ofDetects - A l l S a m p l e ' c i i lumn, counts were based on lhe un i venged d a u tiei. 

* For the T r o p o i i i o n o f Detects - Temporel and Spatial Samples' and the "F requaey o fDe iec l ion" columiK, counts were based on the averaged d a u set (e.g.. grourtdwi ier samples from the same weO were averaged). 

' C R L • con tnc i reponing l imit 

^ Nondetects were treated as one-half lhc detection l imit in the calculation o f the siie and background ( B K ) anthmetic means, standard deviation, and 9 5 % upper confidence l imi l (UCL) . 

* Distributions for the calculation ofexposure poinl c o K c m n u o n s (EPCs): I ) I f f e w a than 4 samples arc avaiUble in the site d a u set. Unde te rm ined ' is indicated and lhe 9 5 % U C L is calculaled based on a lognonnai distnbution, 2) I f i h e normal 

goodncss-of-fi l test coefTideni is peater than ihc critical value, the distribution is i w m a l , 3) I f lhe lognormal goodness-of-fii test coefficieni is grcaier than the cri i ical value, the distribution is lognonnai. 4) I f ne i tha o f the goodncss-of-hi 

tesl coeflictents is greata than the critical value, lhe disuibut ion is assumed lo be bgnormal, 

' The EPC u d « 95V. U C L o f the arilhmetic mean with 2 exceptions: i f l he 9 5 % u r L excctds O K maximum detected value (denoted by a " » " next lo ihc EPC) or thc site daia set conuins fewer than 4 sample*;, the maximum detecied value is substituted as thc EPC 

* C E B (chnnical exceeding backgrouKl) • the maximum deteaed result is greata ihan or equal to iwo ttme> the background mean; bk (background) - the maximum detected resuh is less than two times the background mean: A N O V A • analj^is o f variance 

detennines that the site and background d a u sets come from the same populalion, 

- - N O I applicable (note: background comparison no< conducted for organic compounds) 
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s- Table 4-103. Summary Statistics and Exposure Point Concentrations for Crayflsh at Study Area 27 - Beaver Pond Drainage System 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Ti 
"8 
S 

0 0 

RunTime: 6:31:15 PM 

Run Dale: 3/29/99 Proponion ofDetects Proportion of Dctccu Exposure 

Exposuit Unii: 27_PS3 

Parameler 

Aluminum 

Arsenic . 

Barium 

Calcium 

Chromium 

Copper 

Iron 

Lead 

Mapicsium 

Manganese 

Mercuiy 

Potassium 

Selenium 

Silver 

Sodium 

Vanadium 

Zinc 

4-Mediyl Phenol 

Phenol 

AllSamples* 

UniU 

f i l l 4 / 4 

f i l l 3 / 4 

pg 'g 4 / 4 

pg 'g 4 / 4 

pg 'g 2 / 4 

Mg/g 4 / 4 

. f t l 4 1 4 
pg/g 3 / 4 

pg 'g 4 / 4 

Mg/g 4 / 4 

pg/g 3 / 4 

pg 'g 4 / 4 

Mg'g 2 / 4 

Mg'g 3 / 4 

f i l l 4 / 4 

Mg'g 1 / 4 

Mg'g 4 / 4 

MW 1 / 2 

f i l l 1 / 2 

Tcmporml A Spalial Frequency 

Samples' of Detectkm' 

4 / 4 100% 

3 / 4 75% 

4 / 4 100% 

4 / 4 100% 

2 / 4 _ , 50% 

4 / 4"^ 100% 

4 / 4 100% 

3 / 4 75% 

4 / 4 100% 

4 / 4 100% 

3 / 4 75% 

4 / 4 100% 

2 / 4 50% 

3 / 4 75% 

4 / 4 100% 

1 / 4 25% 

4 / 4 100% 

1 / 2 50% 

1 / 2 50% 

NonDctecu 

MinCRL' 

O i l 

-. 
.. 

0.49 

0.11 

0.050 

0090 

0.40 

--
0.34 

066 

066 

Max CRL' 

O.ll 

.-

.. 
0.50 

--
on 

O050 

--
OIOO 

040 

0.40 

066 

0 6 6 

Detecu 

Minimum 

25 

043 

1.9 

379 

045 

3.9 

72 

013 

353 

46 

0.050 

1.480 

0.080 

074 

1.420 

041 

17 

0.14 

0.16 

Maximum 

265 

0.48 

187 

59,500 

0.50 

I I 

899 

0 30 

771 

2,290 

0.14 

3.840 

O30 

1.4 

1,910 

0.41 

23 

014 

0 1 6 

Arilhmelic 

Mean' 

151 

035 

125 

33.495 

0.36 

8.7 

588 

0 1 7 ' 

545 

1,115 

0.069 

2,235 

0.12 

0.77 

1,720 

024 

20 

Slandanl 

Deviation' 

106 

O20 

85 

24,515 

013 

3.2 

338 

O.ll 

173 

920 

0.050 

1,082 

0.12 

0.49 

215 

O.ll 

3.0 

Distribution' 

Nonnal 

Lognormal 

Nonrul 

Norrrul 

Normal 

Nonnal 

Normal 

Normal 

Normal 

Nonnal 

Normal 

Lognonnai 

Lognormal 

Nomul 

Nonnal 

Lognormal 

Nonnal 

Undetermined 

Undetennined 

95% UCL of 

Arilh. Mean' 

276 

34 

225 

62.342 

052 

13 

I.OIO 

030 

749 

2,198 

013 

5,035 

2.4 

1.3 

1,973 

0.52 

24 

--

Point 

Concentration' 

265 

0.48 

187 

59.500 

0.50 

I I 

899 

0.30 

749 

2.198 

0.13 

3,840 

0.30 

1.3 

1.910 

041 

23 

0 14 

016 

» 
0 

9 

» 
0 

ff 

H 

2 x B K 

Mean' 

227 

034 

121 

85,800 

36 

318 

026 

1.401 

933 

3.227 

012 

2.3 

3.033 

0 4H 

47 

Backgiuund 

Comparisun' 

ICEBl 

ICEBl 

ICEBl 

|bk| 

ICEBl 

Ibkl 

| t n » | 

ICEBl 

Ibkl 

(CEBl 

ICEBl 

ICEBl 

ICEBl 

ibkl 

(bkl 

Ibkl 

(bkl 

ICEBl 

ICEBl 

* For the 'Proponion of Detects - A l Samples" column, counts werc based on the unaveivged dau SCL 

For thc "Proponion of Detects • Temporal and Spalial Samples' and the Trequency of Detection" columns, counts were based on the avoiged dau set (eg., groundwata sampks from the same wcD wert averaged). 

'CRL - contna reporting limit. 

' Nondaects wae treated as one-halfthe daection limit in the calculation ofihe site and background (BK) arithmetic means, standard devialion, and 95% uppa confidence limit (UCL). 

'Dtscribuiions f ix the cakulation ofexposure poinl conccnlrations (EPCs): I ) I f fewa than 4 samples are available in the site dau set, TJndeteimined" is indicated and the 9S%LCL is cakulalcd based on a logikmnal dism 2) Ifthe normal 

goodncss-of-fit test coefficieni is pea ta than the critical value, the distribution is nonnal. 3) i f lhe lognonnai goodneu-of-fit tcsl coeffktem b p c a t a dun the criikal vahiC, dK distribution b kgnomul. 4) If neitha of the goodness-of-fit 

l a i coeflicients B greata ihan the critical value, the distribulion is assumed to'be kignonnal. 

The EPC K the 93% UCL ofthe ari thmak mean widi 2 exceptions: i f the 95% UCL exceeds the maximum detected value (denoted by a " V nexl to die EPC) or the site dau s a contains fiewa dian 4 samples, the nuximum detected value is substiiuted a.s Uw HHC. 

' CEB (chemical exceeding background) - the nuximum detected resuh is greata than or equal to two limes lhe backgound mean; bk (background) - the maximum daected rcsub is kas than two timei the background mean; ANOVA - analysis of variance 

determines that thc site and background dau sets come from the ume population. 

- - Not applicabk (note: background comparison not conducted fbr organk compounds) 
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Table 4-104. Summary Statistics and Exposure Point Concentrations for Crayfish at Study Area TA - Talladega Creek 

• • . ' _ • Alabama Army Ammunition Plant, Childersburg, Alabama 

Ti 
a 

O 

t o 
00 

Run Time: 7:28:50 PM 

Run Dale: 3/29/99 

Exposuie Unil: TA_PS3 

Parameter 

Aluminum 

Antimony 

Arsenic 

Barium 

Calcium 

Coppo 

Iron 

Lead 

MagiKsium 

Manganese 

Nickel 

Poiassum 

Selenium 

Silver 

Sodium 

Zinc 

Endiin AUchjde 

Phenol 

UniU 

M fg 

f i l l 

Mg'g 

M fg 

M fg 

f i l l 

f t l l 

M fg 

M f i 

M fg 

M fg 

M fg 

M f l 

M fg 
pg/g 

M fg 

M fg 

M fg 

-
Proponion o f Detects 

AU Samples' 

Proponion o f Detects 

Temporal A Spatial 

Samples' 

2 / 2 . 

1 / ! 

fnqtiency 

OfDeieclion' 

100%' 

1001'.' 

100% 

100% 

100% 

100% 

100% 

10014 

100% 

100% 

50% 

100% 

100% 

100% 

100% 

100% 

50% 

50% 

NonDetects 

Min CRL' 

--

.-

083 

0.0033 

0.66 

Max CRL' 

• - -

083 . 

.-

0.0033 

066 

' , 
Detects 

Minimum 

IIO 

0.20 

027 

32 

22,900 

28 

141 

0.19 

482 

183 

2.5 

1,690 

018 

O80 

1.340 

17 

0.0036 

017 

Maximum 

131 

. 033 . 

' 0.29 

. 36 

" 24,600 

35 

147 

0.28 

587 

205 

2.5 

2,400 

027 

. IOO 

1.820 

20 

O0036 

017 

- • 

Arithnieiic 

Mean' 

' 
Sundard 

Deviation' 

--

--. 

.. 

.. 

.. 

--

Distribulion* 

Undetcimined 

Undetermined 

Undaennined 

Undetermined 

Undetermined 

Undetermined 

Undetemiined 

Undetermined 

Undetermined 

Undetermined 

Undeteimined 

Undetermined 

Undelermincd 

Undetermined 

Undetemiined 

Undetermined 

Undetermined 

9.5% UCL of 

Arith. Mean' 

Exposure 

Poinl 

Concentration' 

- 131 

033 

029 

36 

24,600 

35 

147 

028 

587 

205 

2.5 

2.400 

027 

1 00 

1,820 

20 

0.0036 

017 

2 >BK 

Mean' 

227 

023 

0 34 

i : i 

85.800 

36 

318 

0 26 

1.401 

933 

3.227 

012 

2.3 

3.033 

47 

-
Backgiuu.Kl 

Comparison* 

(bkl 

ICEBl 

Ibk) 

Ibkl 

Ibkj 

(bkl 

|bk| 

(CEBl 

|bk| 

Ibkl 

ICEB) 

(bk| 

ICEBl ' 

|bk| 

(bk) 

|bk| 

(CEU) 

ICEBl 

* For the "Proponion of l>accts'- 'Al Sampler'cotiiiTui, counts were based onihc urivoaged dau sa. 

^Forthe "Pruportion of Detects - Temporal and Spitial Sampfei'and ihc "Frequcnc;/of Detection'cotuinn.'i, counts were based on ihc averaged daUkci (e.g., groundwata samples from the kunc weD woe averaged). 

'CRL - contract reponinf; limil. 

' Nortktccts were trealed as one^ialf die detection limit in die calculation of die site and background (BK) nrithmak means, slandard deviation, and 9$% uppa confitknce limii (UCL). 

* Dbtribulions for the calculation of exposure poira concentraiions (EPCs): 1) I f fewCT than 4 sampks i re available in ihe site dau set. "Undctcnruned" u indkitod t n i the 95%VXL b cakulaied based on a tognomul distribution 2 > If the nomial 

goodness-oF-fitteslcoeflktcnibgreaiadianthccrilical value, the distribution ik nonnal. 3) If die k&nonnal goodncss-of-fil tcsl coefBctcnl b p c a i a than dte criiical value, die distribution is kgnormal. 4) I f neitha ofdie goodnes.s-or-ni 

test coeflkienls b grcaia dun the critical valui;, die dbtribution b assumed lo be bgnomul. 

' Thc EPC b dK 95% UCL ofdie aridunak mean widi 2 exceptions: ifdie 95S UCL exceeds die maximum detected value (denoted by a "#" next lo die EPC) or die sile dau sa conuins fewa dun 4 sampks. OK maximum daected value i:. .subMiuicd as ihe UPC. 

•CEB (chemical exceeding background)-dw rnaximum detected resuh b greata duin or equal u> two times dc background tnean^bk (background)-die nuximum det^ - analysis of varianci; 

determines that the bile and background dau Mns come from the same population. 

- - Not applicabk (note: background comparison noi conducted for organk compounds) 
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Results of Field Investigations 

are represented by samples BC-26-004 and BC-26-005 (see Figure 4-57). Crayfish collected from 
the east Beaver Pond (Study Area 27) also showed relatively higher concentrations of many of the 
same metals as those in crayfish from Study Area 26 (Tables 4-102 and 4-103). Four metals 
exceeded background in crayfish from Talladega Creek. 

Explostyes—Explosives were not detected in any ofthe crayfish tissue samples analyzed. 

SVOCs—Because of the large amount of 
tissue required and small number of samples 
collected, several of the samples were not 
analyzed for SVOCs. SVOC analysis was 
conducted on six samples from the Crossover 
Ditch (Study Area 26), two from the east Beaver 
Pond (Study Area 27), and two from the 

Talladega Creek tributary. Four SVOCs were detected: 4-methyl phenol, benzoic acid, phenol, and 
B2EHP, as shown in the adjacent box. 4-Methyl phenol (0.14 to 0.34 ng/g) was detected in tissue 
from two crayfish collected from the Crossover Ditch (Study Area 26), and one crayfish collected 
from the east Beaver Pond (Study Area 27). Benzoic acid (0.15 to 0.34 |ig/g) was detected in three 
crayfish collected from the Crossover Ditch. B2EHP (0.136 ^g/g) was detected in one crayfish 
from the Crossover Ditch. Phenol (0.16 to 0.36 ng/g) was detected in tissue from three crayfish 
collected from the Crossover Ditch, and one crayfish collected from the east Beaver Pond, and one 
crayfish from the Talladega Creek tributary. The maximum concentration of SVOCs were detected 
in the tissues of crayfish collected from the Crossover Ditch. All SVOC detections were below the 
CRLs. 

Maximum Concentrations (ijg/9) ! 

Analyte 

4-Methyl Phenol 
Benzoic Acid 
Phenol 
B2EHP 

Study Area 
26 

0.34 
0.34 
0.36 
0.136 

Study Area 
27 

0.142 

0.16 

Talladega 
CreeK 

Tributary 

' 
0.168 

Pesticides/PCBs—One pesticide, endrin aldehyde (0.0036 jig/g), was detected in one 
crayfish from the Talladega Creek tributary. 

Summary—Concentrations of fourteen metals exceeded background levels in the crayfish 
samples. In general, the highest concentrations of metals and SVOCs were detected in crayfish 
from Study Area 26, the Crossover Ditch. Explosives were not detected in any of the crayfish 
analyzed. One pesticide, endrin aldehyde, was detected in one crayfish from Talladega Creek. 

4.8.3 Fish 

Fish samples were analyzed from four study areas (Study Areas 21, 26, 27, and the 
Talladega Creek tributary) during the Supplemental RI investigation. Forty-two fish, including fish 
fillets, were collected from four study areas. All samples were analyzed for metals, explosives, 
SVOCs, and pesticides/PCBs. In addition, two samples from Study Area 21 and four samples from 
Study Area 27 were analyzed for hexavalent chromium. Figure 4-58 shows the sample locations 
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Results of Field Investigations 

) 

) 

and identifies general contaminant group CEBs present in the fish tissue. Tables 4-105 through 
4-108 present fish tissue the summary statistics for the study areas. Data summary tables for 
individual samples are presented in Appendix K. 

Metals—Eighteen metals were 
identified at concentrations that 
exceeded background in the fish 
samples, and are listed in the adjacent 
box. 

At Study Area 21, beryllium 
(0.07 ng/g) and cobah (0.95 ng/g) 
each were detected in only one 
sample. Iron (20.9 to 225 ng/g) was 
detected in all five fish tissue samples, 
while lead (0.14 to 0.38 ng/g) and 
silver (0.28 to 0.32 ng/g) were 
detected in three and two samples, 
respectively. 

At Study Area 26, 
concentrations of selenium, which was 
detected in all samples, ranged from 
0.19to 1.2 ng/g. 

Maximum Concentrataons (|ig/g)* j 

Analyte 

Aluminum 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 

Lead 
Magnesium 
Manqanese 
Mercury 
Nickel 
Selenium 
Silver 
Sodium 
Vanadium 

Study Area 
21 

397 
4.35 
9.5 
0.07 

0.95 

225 
0.38 
815 
61.1 

0.68 
0.32 
7580 

Study Area 
26 

4.4 
6.2 

191,000 

110 
0.3 

101 
0.89 

1.2 

9,870 

Study Area 
27 

349 

18 

277,000 
13.5 
1.3 

172 . 

0.43 

97 

6.1 

Talladega 
Creek 

Tributary 
75 

0.71 

8.9 

179,000 
0.69 

3.2 
149 
0.67 

118 

0.62 

0.55 

* Metals also determined to exceed background based on ANOVA evaluation are 
showri in bold. 

At Study Area 27, chromium was detected in two fish tissue samples, while cobalt and 
nickel each were detected in only one sample. Manganese was detected in all 10 fish samples. 
Concentration ranges for these metals were as follows; chromium (0.49 to 13.5 ng/g)^ cobalt 
(1.3 ng/g), manganese (16.1 to 96.7 ng/g), and nickel (6.1 ng/g)-

Chromium (0.69 ng/g) was detected in one sampie from ihe Talladega Creek tributary. 
Concentrations of lead in the Talladega Creek tributary fish samples ranged from 0.14 to 0.67 ng/g-

) 

Explostyes—Explosives were 
not detected in any of the fish tissue 
Siuiiples. 

SVOCs—Seyen SVOCs were 
detected in fish samples, as shown in 
the adjacent box. Benzoic acid 
(0.227 to 1.02 ng/g) and benzyl 
alcohol (0.075 to 0.141 ng/g) were 

Maximum Concentrations ( 

Analyte 

2-Methylnaphthalene 
4-Methvl Phenol 
Benzoic Acid 
Benzyl Alcohol 
Naphthalene 
Phenol 
B2EHP 

Study Area 

2i 

1.02 
0.141 

Study Area 

0.09 
0.87 
0.17 

0.13 

ua/g) 1 

Study Area 
27 

0.077 
1.3 

0.576 

Talladega 
CreeK 

Tributary 

0.21 
1.8 

0.13 

0.14 
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Rmi Time: 6:06:40 PM 

Run Due: i /^iVW 

Exposure Unit: 2 l _PS2 

PinmMer Uniu 

Proponion of Detects 

AH S u n p b ' 

Proponion of Detecti 

Temporal A Spuial 

Sampler' 

Freqtiency Non£)etecis Dctectii 

ofDelcction^ MinCRL' M M CRL* Minimum Maximum 

Arilhmetic 

Mean' 

Standaril . 

Deviation' DiMribution-

95V. UCL of 

Arith. Mean' 

Exposure 

Point 

Concentration 

2 < B K 

Mean' 

UjL'kgiuunJ 

C'uinparison' 

0 0 
0 0 

Table 4-IOS. Summary Stalislics and Exposure Poinl Concentrations for Fish at Sludy Area 21 - Red Water Ditch 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Ahiminum pg/g 

Antimony pg'g 

Arietic pg/g 

Bafium pg/g 

Betyirum p ^ g 

Calcium pg/g 

Cobalt pg/g 

Copper pg/g 

Iroti pg/g 

Lc4d pg/g 

Magnesium pg/g 

Manganese pg/g 

Mercuiy p ^ g 

Potassium pg/g 

Sdcnjujn pg/g 

Silver pg/g 

Solium pg/g 

Vaiiadium pg/g 

Zinc pg/g 

2.3-bts(p-chloropheny1)'l.l.dichl pg/g 

Anjc lor l254 pg/g 

Betizoic Acid pg/g 

Betizyl Alcohol pg/g 

Hetuchlor pg/g 

bet<.BHC pg/g 

100% • 

m: 
tm: 
100% 

20% 

100% 

20% 

4or i 

100% 

60*/> 

100% 

100% 

100% 

100% 

100% 

40% 

100% 

40'/. 

100% 

40*/. 

60*/. 

100% 

4<n: 

20'.i 

O.I] 

020 

0.60 

2.3 

057 

O30 

O.IOO 

0 87 

25 

0.29 

0.38 

0.0033 

0.033 

066 

0.0017 

0.0017 

0.0033 

0033 

1.3 

0.0017 

O00I7 

23 

023 

0.17 

3.0 

0070 

7.910 

0.95 

0.51 

31 

0.14 

329 

20 

OIOO 

2J0O 

0.21 

0.28 

- 708 

0.30 

20 

0.0055 

0.054 

0.23 

0.075 

O0020 

O0023 

397 

0 23 

4 4 

95 

0.070 

12,500 

0.95 

0.82 

223 

038 

813 

61 

0.22 

2,760 

0.68 

032 

7,580 

0 41 

54 

O0083 

014 

1.0 

0.14 

O0020 

O0023 

140 

015 

10 

5.2 

0.051 

10,620 

0.49 

1.00 

129 

0.20 

477 

38 

0.15 

2,504 

0.45 

021 

2,259 

026 

36 

0.0038 

0.069 

0.67 

0.37 

0.0011 

O.OOII 

156 

OIO 

1.9 

2.9 

0.012 

1,789 

0.27 

0.32 

84 

OIO 

209 

19 

0.048 

184 

0.21 

0.085 

2,977 

0.096 

14 

0.0030 

0.058 

0.30 

0.28 

0.00051 

0.00065 

Noimal 

Noimal 

Lognormal 

Nonnal 

Nonnal 

Normal 

Lognormal 

Nonnal 

Normal 

Lognormal 

Nomul 

Normal 

Normal 

Nonnal 

Nonnal 

Normal 

Lognonnai 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Nonnal 

Normal 

Lognormal 

Lognormal 

289 

025 

227 

79 

0063 

12.326 

0 95 

13 

209 

0.37 

677 

56 

O20 

2.679 

065 

0.29 

21.066 

0.35 

50 

00066 

0.12 

095 

064 

00018 

O0021 

289 

023 

4.4 

79 

0.063 

12,326 

095 

082 

209 

0.37 

677 

56 

020 

2.679 

0.65 

029 

7.580 

035 

50 

0.0066 

0.12 

095 

014 

0.0018 

00021 

52 

1 5 

0.26 

5.7 

64,348 

3 0 

51 

017 

809 

36 

0.34 

5.332 

0.62 

5.004 

04.1 

56 

I C b B I A N O V A l 

Ibkl 

(CEU|ANUVA| 

ICILUlANOVAj 

ICliUJ 

|bH 

|CKB| 

Ibkl 

|CLU| 

ICEUI 

[CEBIANOVAI 

ICEBlANtDVAl 

|bk| 

Ibkl 

ICEDIANOVA) 

| ( t U | 

ICEBIANOVA) 

Ibkl 

Ibkl 

I C t B l 

ICEUI 

ICEUI 

ICEBl 

ICEHI 

ICEB) 

* f l t r the "Proponion of Detects - AO Samples' column, counts were basetl on the unaveraged dau set. 

Fctr the 'Proponion of Delecis - TemponI and Spatial Samples' and the Trequency ofDeteclion' columns, courts were based on the avenged data set (e.g, groundwater sampks from the same weO were averaged). 

'CRL - contract reporting limit. 

Nondcteos were treated as ore-half the detection limit in the calculation o f the tite and background (BK) arithmetic means, stanlard deviauon, and 95% upper confidence limil (UCL). 

' Dt^tiSiuliois for the calculation ofexposure poinl concentraiions (EPCs): I ) I f f e w a than 4 samples ate available in the sile data set. TJndeiermtned' is indicatod and the 9S%UCL is calculated based on a bgnormal distribulion 2) Ifthe normal 

goodness-of-fit test coefficient is peater than the criiical value, the distribution is normal. 3) Ifthe lognormal goodness-of-fil test coefficieni is peater than the critical value, the distribution is krgnormal. 4) Ifneither ofthe goodncss-of-fit 

test coefficienis is peater than the critical value, the distribution is assumed to be bgnonnal. 

The EPC s the 95% UCL of ihe arithmaic mean with 2 exceptions: ifthe 95% UCL exceeds the maximum detected value (denoted by a ' i r next to the EPC) or the kite data set contains fewer than 4 samples, the maximum detected value Ls subsiiutcd as the tPC. 

' CEB (chemical exceeding background) - the maximum detected resull is greata than or equal to two times the background mean; bk (background) - the maximum detected result is less thui two times the background mean; ANOVA . analyse of variance 

deteimines that thc site and background data sets come fiom thc same population * 

- - Not appbcable (note: background comparison not conducted fbr organic compounds) 

So 

& 

t o 

^ 
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Table 4-106. .Summary Statistics and Exposure Poinl Concentrations for Fish at Study Area 26 - Crossover Ditch 

Alabama Army Ammunition Plant, Childersburg, Alabama 

50 
n 

• a o 
3 

0 0 

Run Time: 6:20:14 PM 

Run Dale: 3/29/99 

Exposure Unit: 26_PS2 

Paramcta 

Aluminum 

Amimony 

Arsenic 

Barium 

Calcium 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercuiy 

Potassum 

Selenium 

Sodium 

Vanadium 

Zinc 

2.2-bis (paia-chlorophenyl)-1,1,1-

4-Methyl Phenol 

Benzoic Acid 

Benzyl Akohol 

Endrin Aklehyde 

Phenol 

beia-BHC 

Units 

f i l l 

f i l l 

ug/g 

f l i t 
f i l l 

M l t 
f l / l 
f i l l 
f t l l 
f t l l 
f i l l 
p»/g 

f t / l 

P f t 

f l / l 

f t l l 

f l / t 

f t l l 

f i l l 

Mg'S 
ug/g 

f l / l 

f t / l 
MCB 

PropoilBn of Detects 

All Samples' 

12 

7 

3 

10 

17 

1 

IS 

11 

17 

17 

17 

17 

17 

17 

1 

17 

8 

1 

2 

10 

3 

3 

1 

1 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

1 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

/ 17 

Propcnion of Deteas 

Tem;>onl& Spatial 

Sampks' 

12 / 17 

7 / 17 

3 / 17 

10 / 17 

17 / 17 

1 / 17 ' 

IS- / 17 ' 

11 / 17 

17 / 17 

17 7 17 

1 7 - / 17 

17 / 17 

1 7 / 1 7 

17 / 17 

1 / 17 

17 / 17 

8 / 17 

1 / 17 

2 / 17 

10 / 17 

3 / 17 

3 / 17 

1 / 17 

1 / 1 7 

Frequency 

ofDeteclion* 

7 1 % 

4 1 % 

18% 

59% 

100% 

• 6% 

88% 

65% 

100% 

100%-

100% 

100% 

100% 

100% 

6% 

100% 

47% 

6% 

12% 

59% 

18% 

18% 

' 6% 

6% 

NonDctecu 

MinCRL' 

5.2 

0.19 

aioo 
l. l 

0.83 

6.0 

OIOO 

038 

.. 
O0033 

O.0O33 

0.33 

1.6 

0.66 

0.0033 

033 

0.0017 

MaxCRL' 

19 

0.48 

035 

1.2 

--
2.3 • 

: 6 2 

O.IOO 

--

0.40 

0.0033 

00033 

0.33 

1.6 

0.66 

0.003J 

0.33 

0.0017 

Delects 

Minimum 

9.7 

0.20 

015 

1.2 

2.520 

1.4 

6.7 

O.IOO 

247 . 

. 0.62 

0.050 

1,690 

0.19 

600 

0.43 

13 

0.0025 

00045 

0070 

OIO 

- 012 

0 0051 

0.13 

O0026 

Maximum 

49 

1.2 

4.4 

6.2 

191,000 

1.4 . 

110 

030 

510 

- IOI - . 

0.89 

3,900 

1.2 

9,870 

043 

56 

0.028 

0.0045 

0.090 

0.87 

017 

0.0077 

0.13 

().O026 

Arilhmelic 

Mean' 

18 

0.42 

035 

19 

18,751 

• 0.73-

32 

012 

341 

22 

0.27 

2,697 

0.61 

2,068 

021 

29 

0.0049 

0.0018 

0.15 

0.39 

030 

00025 

0.16 

000095 

Standard. 

Deviation' 

13 

035 

10 

16 

44,553 

027 

2 6 . 

0.075 

59 

26 

0.24 

627 

032 

2.192 

0057 

I I 

00066 

0.00069 

0.029 

0.23 

0.076 

0.0020 

0.0078 

0.00042 

Distribution' 

Nonnal 

Lognonnai 

Lognonnai 

Lognotmal 

Lognomul 

Nornial 

Lognormal 

Nonnal 

. .Lognoimal 

Lognormal 

Lognonnai 

Normal 

Nonnal 

Lognomial 

Lognoimal 

• Noimal 

.Lognornial 

Lognoimal 

Lognonnai 

Lognonnai 

Lognonnai 

Lognoimal 

Lognonnai 

Lognonnai 

95% UCLof 

Arilh. Mean' 

23 

0.67 

042 

3.3 

25,048 

0.84 

73 

016 

366 

117 

050 

2,962 

0.75 

2.927 

0.23 

34 

00076 

0.0020 

017 

0.82 

0.36 

0 0032 

0.18 

ooon 

Exposuie 

Point 

Concentration' 

23 

0.67 

0.42 

33 

25,048 

0.84. 

73 , 

016 

366 

101 « 

0.50 

2.962 

075 

2,927 

023 

34 

0.0076 

0.0020 

0.090 « 

0.82 

0 17 B 

0.0032 

013 » 

O.OOII 

: x B K 

Mean' 

52 

I S 

026 

5.7 

64.348 

3 0 

51 

017 

809 

if> 
034 

5.332 

0.62 

5.004 

043 

•i6 

Back)jrounJ 

Comparisun* 

Ibkl 

Ibk l 

ICEBIANOVA) 

ICEBIANOVAl 

ICEBIANOVAl 

[bkl 

[CEUIANt>VA| 

[CEBIANOVAI 

[bk| 

[CEBIANOVAI 

(CEBIANOVA) 

[bkl 

ICEUI 

ICEBIANOVA) 

[bk| 

[ b l l 

ICEUI 

[CEBl 

ICEUI 

(CEBl 

ICEBl 

ICLI l l 

ICEUI 

[CEBl 

* For the 'Proponion of Detects - AB Samples' cohimn, couitt^ wae based <>n the unaveraged dau tet. 

^For the "Proportion o( Detecb • TemponI and Spalial Samplei'' and the "Frtquency of Daection" cohtmrs, counu were based on the avenged data nei {eg., froundwaier sampia from the ume wcO were avenged). 

'CRL - conma reporting limit 

^ Nondetects were treated as one-half lhe detection limit in the cakuUtion of the site and backgroiind (BK) ftriihmM 

' Dtstriburions for the caJcuUiion o f expuione pomi concentruiotu (EPCs): I ) I f rewer than 4 u n i p l a are available in the nite dau set TAidetemiined' is indicatod and the 95%UCL is calculaled based on a lognormal distribulion. 2) Ifthe normal 

goodneais-of^fh lest coefnctent is ̂ eaicr ihan Ihc critical value, die disuibution a nonnal. 3) I f O K lopioimal goodneu-of-fii tcsl coefBciem is pxaicr dun the critical value, die dislribution is logtiormal, 4) Ifneilher of the goodness-ot'-fii 

lest coeffictents K g m t a than the critical value, the dtstribulion is assuiied lo bie bgnonnal. 

' The EPC rs the 9S% UCL ofdie arithmetic mean widi 2 exceptions: i f dte 95% UCL exceeds Uw maximum detected vahte (denoted by a ' t t ' next to die EPC) or die site dau sel contains fewer Uian 4 samples, die maximum detected value is substiuted is I I K L P C 

' CEB (chemical exceeding background) - the maximum detected result is greaicr.dian or equal lo iwo timev die background mean; bk (background) - die maxtmum delected result is less dian two times dc backp-ound nnean; ANOVA - analysis of vaiiance 

dctcmitnes (hat the Iiite and background dau sets come from the same jMipublion. 

- - Not appticable (rtote: background comparison not conducted for organk compotuids) 
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Table 4-107. Summary Staliilics and Exposure Point Concentrations for Fisli at Sludy Area 27 - Beaver Pond Drainage System 

Alabama Army Ammunition Plant, Childersburg, Alabama 

VO 

o 

Run Time: 6:30flOPM 

Run Date: 3/29/99 

Expoiuie Unit: 27_PS2 

Paramelei 

Aluminum 

Aniciic 

Barium 

Calcium 

Chiomium 

Cobab 

Iron 

U a d 

Ma^icsium" 

Manganese 

Mercuiy " 

Nickel 

Selenium 

Sodium 

Zinc 

UniU 

pg'g 

pg/g 

f i l l 

pg/g 

pg'g 

f t / l 

f t / l 

t u l l 

f l / l 

- pg'g 

pg'g 

p^g 

pg/g 

pg'g 

pg'g 

pg'g 

2,2-bi^p.clilorophenyl)-1,1-dichl pg /g ' 

4-Methyl Phenol 

Benzoic Acid 

Benzyl Alcohol 

Heptachlor 

pg/g 

pg/g 

f i l l 

pg/g 

Proponion ofDetects 

AU Samples' 

9 

2 

10 

10 

2 

1 

10 

4 

10 

10 

10 

1 

10 

10 

10 

10 

1 

1 

5 

7 

1 

10 

ID 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

io 
10 

10 

10 

10 

Pioponion ofDetects 

Temporal A Spalial 

Samples' 

9 / 

2 / 

10 / 

10 / 

2 / 

1 / 

10 / 

4 / 

10 / 

10 / 

10 / 

1 / 

10 / 

10 / 

10 / 

10 / 

1 / 

1 / 

5 / 

7 / 

1 / 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Frequency 

ofDeteclion' 

90•^ 

20S 

IOO-/. 

100% 

20% 

10% 

IOO?'. 

40% 

100% 

IOO*/. 

IOO*/. 

10% 

100% 

100% 

100% 

100% 

10% 

10% 

50% 

70% 

10% 

NonDelects 

MinCRL' 

14 

OIOO 

--
• - -

0.45 

086 

--
O.IQO 

0.81 

--
--
--
-• . 

00033 

033 

1.6 

0.66 

0.0017 

Ma iCRL ' 

14 

OIOO 

0.50 

1.7 

O.IOO 

089 

0.0033 

0.33 

1.6 

066 

0.0017 

Detects 

Minimum 

10 

0.12 

1.9 

5,830 

049 

1.3 

9.8 

O.IOO 

249 

16 

0.060 

6.1 

1,760 

016 

557 

23 

00040 

O077 

0.15 

0.071 

00027 

Majumum 

349 

025 

18 

277,000 

14 

1.3 

172 

0.43 

595 

97 

024 

6.1 

3,090 

0.45 

4,460 

54 

0.0040 

0.077 

1.3 

058 

O0027 

Aiithmctic 

Mean' 

62 

0.077 

5.5 

78,323 

1.6 

056 

56 

O.l l 

438 

43 

013 

1.0 

2,356 

0.28 

1.947 

38 

0.0019 

016 

0.68 

0.32 

O.OOIO 

S;anljnl 

Devijh,.i i ' 

102 

0.065' 

4.5 

104,547 

4 2 

0.29 

47 

0.12 

IOI 

- 28 

0063 

1.8 

378 

0.082 

1.232 

I I 

000074 

O028 

033 

015 

0.00059 

Distribution* 

Lognonnai 

Lognomul 

Lognonnai 

Lognomul 

Lognonnai 

Logncnnal 

Lognonnai 

Lognoimal 

Nonnal 

Nonnal 

Nonnal 

Lognoimal 

Nonnal 

Nonnal 

Nonrul 

Nomul 

Lognormal 

Lognoimal 

Nonnal 

Noimal 

Lognormal 

95% UCL o f 

Arilh. Mean' 

178 

on 
9.0 

594.399 

4.1 

0.73 

138 

0.20 

496 

61 

0.17 

1.7 

2,575 

0.32 

2.660 

45 

O0023 

0.18 

087 

0 41 

O0013 

E.iposure 

Poinl 

Concenuation' 

178 

O.ll 

9.0 

277,000 0 

4 1 

073 

138 

0 20 

496 

61 

017 

17 

2.575 

032 

2,660 

45 

0.0023 

O077 « 

0.87 

0.41 

0.0013 

2 x B K 

Mean' 

52 

0.26 

5.7 

64.348 

51 

0.17 

809 

36 

0.34 

5.332 

0.62 

5.004 

56 

Uackgiuund 

Coinpan.NOn' 

[CEBIANOVAI 

[bkl 

[CEBIANOVAI 

[CEBIANOVAI 

ICEHI 

ICEUI 

ICEB IANOVA l 

ICEBIANOVA) 

Ibkl 

ICLBI 

|bk| 

[CEBl 

Ibkl 

[ b l | 

[bk| 

|bk| 

ICEUI 

[CLBI 

ICEBl 

(CEI l l 

ICEBl 

* For thc "Proportion of Detects - Afl Samples' column, counis were based on the unavenged dau set. 

For the 'Proponion of Delects • Temporal and Spatial Samples" and thc "Frequency of Detection" columns, coutds were based on die avenged dau set ( e g , groundwater samples from the same well were avenged). 

'CRL - contract reponing limit. 

Nondetects were treatod as one-half the deteciion limit in the calculation of the site and background (BK) arilhmetic means, standard deviation, and 93% upper confidence limil (UCL). 

"̂  Dbtributions for the calculation ofexposure poim concentntions (EPCs): 1) I f fewer than 4 samples are available in ihe site dau set, "Undelermined" is indicated and the 9S%(XL is cakulaied based on a lognormal distribution. 2) I f the normal 

goodness-of-fil test eoefTtcient is greater than the criiical value, the dtstribution is normaL 3) Ifthe lognomul goodncss-of-fit icsi coefficieni is greater than the critica) value, the distribulion is lognormal. 4) I f neither of tlw goodrKs:>-or-rit 

test coefficients K greater than the criiical value, the dtstribution is assumed to be bgnonnal, i 

'The EPC i> die 95% UCLofthearitfuneiic rtKan with2 exceptions: i f Ihe 93% UCLexcccds the maxinium detecied vahie (denoted b y a ' 0 " nexl to the EPC)orthesitedausetcoraains fewer dtan 4 samples, the maximum detected value iia substiiuted as ilic BPC. 

' C E B (chemical exceeding background)- lhe maximum detecied resuh is peaicr (han or equal lb two times the background mean; bk (badiground) • the nuximum detected resull isleris than two llmei the background mean; ANOVA - analysts of variance. 

detcrmtnev tliat the site and background dau sets come from the same population. 

- • Not appticable (note: backgrotmd comparison not conducted for organic compounds) . ._ 
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Table 4-108. Summary Statistics and Exposure Point Concentrations for Fish at Study Area TA - Talladega Creek 
Alabama Army Ammunition Plani, Childersburg, Alabama ~ 

«0 
so 

RunTime; 7.27.35 PM 

Run Date: 3/29/99 

Exposure Unit: TA_PS2 

Parameter 

Aluminum 

Antimony 

Areenic 

Barium 

Calcium 

Copper 

Iron 

Lead 

Mamies turn 

Mai«ancw 

Mercuiy 

Potassium 

Selenium 

Sodium 

Vanadium 

Zinc 

2.2-bts(p-chlorophcnyl)-1,1 -dichl 

4-Mcth;l Phenol 

Aldrin 

Endrin Aldehyde 

Hepuchlor Epoxide 

Lindane 

Naphthalene 

beu-BHC 

bis(2-Elhylhe>yl)phthaUlc 

Unils 

P f g 

pg/g 

f l i t 
f l / t 
pg'g 

f t / l 

f i l l 

f t l l 

f l i t 

f i l l 

pg/g 

PS/g 

pg'g 

pg'g 

pg/g 

pg'g 

P f g 

pg'g 

pg/g 

pg/g 

pg'g 
pg/g 

pg'g 

pg/g 

f l / t 
f l / l 
f i l l 

Proponion of Detecb 

All Samples' 

10 / 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

10 

10 

10 

/ 10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Piopoition OfDetects 

TemponI A Spatial 

• Samples* 

10 

5 

4 

6 

10 

1 

10 

8 

7 

10 

.10 
10 

10 

9 

to 
1 

10 

5 

5 

7 

1 

3 

3 

1 

1 

1 

2 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

10 

/ 10 

/ 10 

/ 10 

10 -

l O " 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Fiequency 

OfDeieclion' 

100% -

30% 

40% 

60% 

100% 

10% 

100% 

80% 

70% 

100% 

100% 

100% 

100% 

90% 

100% 

10% 

100% 

.50% 

.50% 

70% 

10% 

30% 

30% 

10% 

10% 

10% 

20% 

NonDctects 

MinCRL" 

:. 
019 

O.IOO 

12 

0.48 

6.1 

OIOO 

--
--

020 

038 

--
0.33 

O0033 

033 

0.0017 

0.0033 

0.0017 

0.0017 

0.33 

0.0017 

033 

MaxCRL' 

0.20 

OIOO 

1.2 

OSO 

6.3 

0.49 

O20 

--
0.40 

- - • 

0.33 

00033 

033 

00017 

0.0033 

0.0017 

0.0017 

0.33 

0.0017 

0.33 

Detects 

Minimiun 

7.3 

0.20 

OIOO 

1.4 

2,480 

069 

1.00 

12 

014 

301 

1.9 

0.050 

1,930 

016 

479 

0.55 

12 • 

0091 

0.0035 

0.17 

O0053 

0.0035 

0.0019 

O0038 

0.13 

0 0017 

O.IO 

Maiimum 

• 75 

0.74 

071 

8.9 

179,000 

069 

3 . 2 -

149 

0.67 

502 

I IS 

•0.14 

3,660 

0.62 

2,280 

0.55 

32 

0.21 

0.012 

1.8 

0.0053 

0.0062 

0.0031 

.0.0038 

0.13 

0.0017 

0.14 

Arilhmetic 

Mean' 

29 

023 

016 

1.9 

28.105 

029 

18 

44 

021 

381 

23 

0.086 

2,537 

0.27 

1,059 

023 

23 

015 

0.0044 

0.44 

0.0013 

0.0027 

0.0014 

O.OOII 

016 

000094 

016 

" • 

Sundard 

DevUtion' 

19 

O20 

021 

2.5 

53,434 ' 

' 014 

0.84 -

48 

0.18 

65 

35 

0.029 

510 

016 

526 

O . l l . 

6.4 

0.031 

00038 

049 

0.0014 

0.0018 

O0009I 

0.00093-

0.012 

0.00027 

0.020 

Distribution* 

Nonnal 

Lognoimal 

Lognormal 

Lognormal 

Lognormal 

Lognonnai 

Nomul 

Lognoimal 

Lognoimal . 

Nonnal 

Lognonnai 

Nonnal 

Nonnal 

Lognormal 

Nonnal 

Lognomul 

Nonnal 

Lognormal 

Lognoimal.. 

Lognoimal 

Lognotmal 

Lognomul 

Lognomul' 

Lognomul 

Lognonnai 

Lognormal 

Lognonnai 

95% UCL of 

Arilh. Mean' 

40 

0.41 

039 

3.8 

81.575 

036 

2.3 

301 

043 

418 

96 

O.IO 

2.832 

041 

1,364 

028 

27 

018 -

0.0092 

0.85 

0.0019 

0.0040 

0.0021 

0.0016 

0.18 

O.OOII. 

0.17 

Exposure 

Poinl 

Conccnmilion' 

40 

041 

039 

I.S 

81.575 

036 

2.) 

149 If 

043 

_ 418 

96 

- • OIO 

2.832 

0.41 

1.364 

028 • 

27 

.- 018 

0.0092 

085 

00019 

U.0040 

O002I 

0.0016 

0.13 » 

0.0011 

0.14 « 

2 O I K 

Mejin' 

5 : 

1.:) 

0.26 

5.7 

64.348 

3.1) 

51 

017 

809 

36 

0.34 

5,332 

062 

5,01)4 

043 

56 

-• 

--

Backgiuund 

Compaiison' 

[CEBIANOVAI 

Ibkl 

[CEBIANOVAI 

[CEBIANOVAI 

[CEBIANOVAI 

[CEBl 

[CEBIANOVAI 

[CEBIANOVAI 

[CEBl 

Ibkl 

[CEBIANOVAI 

[bkl 

Ibkl 

[CEBIANOVAI 

Ibkl 
[CEBIANOVAI 

Ibkl 

[CEBl 

[CEBl 

ICEUI 

ICEUI 

[CUUI 

[Cl iUl 

[CEBl 

[CbUI 

ICEBl 

[CEUl 

>3 

^ 

(̂  

a 
•c 

^-
a. 

a 

* For the Troponion of Delects - AD Samples-column, counts woe based oil the unavenged tlau Ket. 

' For the "Proponion of Detects - TemponI aivl Spalial Samples* and the "Freguency of Detection" columns, counis weie based on the avenged dala set (e.g, groundwater samples from the same weD were avenged). 

'CRL - contna niponing limit. 

' Nondetects were treated as one-halfthe detei:tion limit in thc cilculaiion of ijic site and background |BK) iriUunetic means, standard deviation, and 95% upfier confidence limit fUCL). 

' Deitriburions for the caiculalion of exposuie poinl concentrations (EPCs): I ) Iffewer Ihan 4 samples are available in the sile dau set, "Undetermined" is indicaled and Ihe 95SUCL is calculaled based on a lognormal dislribulion. 2) Ifthe nonnal 

goodness-otlit test coefficieni is greaur than ihc criiical value, the disnibulion is nomuL 3) I f U K lognonnai goodncss-of-fh test coefficieni is peater than the criiical value, thc distiibution is lognomul. 4) Ifneither of the goodness-of-fii 

test coefficients e> pealcr than the cntiiul value, the distribution is assunicd to be bgnoimal. ' • - - , . 

' The EPC K the 95% UCL of the arithmelic mean with 2 exceptions: i f thc 9:;% UCL exceeds the maximum delected value (denoted by a "D" next to the EPC) or thc site dau scl conuins fewer than 4 samples, the maximum detecied value b subsKuted tts Ihe EPC 

' CEB (chemical exceeding badtground) - the nuximum delected result is gnuter than or ei)ual lo Iwo limes ttc background mean: bk (background) - the mu imum delected rcsuli is less thin two times U K background mean; ANOVA - analysis of variance 

dclermincai Ihai the sile and backgroun) dau sets come from the sMmt p ^ l a l i o n . 

- - Not applicable (note; background compirison nol conducled for organic ' impounds) 



Results of Field Investigations 

detected in tissue samples of fish collected from Study Area 21. Benzoic acid was detected in all 
five fish tissue samples from Study Area 21, while benzyl alcohol was detected in two samples. 

4-Methyl phenol was detected in only one Study Area 21 fish tissue sample, while benzoic 
acid and benzyl alcohol were detected in five and seven samples, respectively. 

4-Methyl phenol (0.07 to 0.09 ng/g), benzoic acid (0.10 to O.Sl \ig/g), benzyl alcohol 
(0.12 to 0.17 ng/g), and phenol (0.13 |ig/g) were detected in fish tissue samples from Study 
Area 26. Benzoic acid was detected in 10 of the 17 fish tissue samples at this study area, while the 
other SVOCs were detected in three or fewer samples. 

4-Methyl phenol (0.077 ^g/g), benzoic acid (0.15 to 1.3 jig/g), and benzyl alcohol (0.071 to 
0.576 \ig/g) were detected in Study Area 27 fish tissue samples. 

2-Methyhiaphthalene (0.091 to 0.21 ng/g), 4-methyl phenol (0.17 to 1.8 |ag/g), naphthalene 
(0.13 ng/g), and B2EHP (0.10 to 0.14 ng/g) were detected in the tissue samples from fish collected 
from the Talladega Creek tributary. 

Of the SVOCs detected in fish tissue, only 4-methyl phenol (1.8 ng/g) at the Talladega 
Creek tributary exceeded the CRL. Ofthe 10 tissue samples collected from the Talladega Creek 
tributary, five samples exceeded the CRL for 4-methyI phenol. 

Pesticules/PCBs—Ei^t pesti
cides and one PCB were detected in 
the fish tissue samples, as shown in 
the adjacent box. 4,4'-DDE (0.0055 
to 0.0083 ng/g), beta-BHC (0.0023 
ng/g), heptachlor (0.002 ng/g), and 
Aroclor-1254 (0.054 to 0.14 ng/g), 
were detected in Study Area 21 fish 
tissue samples. 

4,4-DDE (0.0025 to 0.028 
ng/g), 4,4'-DDT (0.0045 ng/g), beta-BHC (0.0026 ng/g), and endrin aldehyde (0.0051 to 
0.0077 ng/g) were detected in Study Area 26 fish tissue samples. 

4,4'-DDE (0.004 ng/g), and heptachlor (0.0027 ng/g) were each detected in one sample of 
Study Area 27 fish tissue. 

Six pesticides were detected in the Talladega Creek tributary fish tissue samples. 4,4'-DDE 
(0.0035 to 0.012 ng/g), aldrin (0.0053 ng/g), beta-BHC (0.0017 ng/g), eridrin aldehyde (0.0035 to 

c 

Maximuni Concentrations | 

Analyte 

4,4'-DDE 
4,4'-DDT 
Aldrin 
Aroclor-1254 
Beta-BHC 
Endrin Aldehyde 
Heptachlor 
Heptachlor Epoxide 
Lindane 

Study Area 
21 

0.0083 

0.14 
' 0.G023 

0.002 

Study Area 
26 

0.028 
0.0045 

0.0026 
0.0077 

Mla) 1 

study Area 
27 

0.004 

0.0027 

Talladega 
Creek 

Tributary 
0.012 

0.0053 

0.0017 
0.0062 

0-0031 
0.0038 

c 

c 
Final RJ Report 4-292 August 2001 



Results of Field Investigations 

0.0062 ng/g), heptachlor epoxide (0.0019 to 0.0031 ng-'g), and lindane (0.0038 ng/g) were detected 
in the tissue samples of fish collected from the Talladega Creek tributary. 

Summary—Eighteen metals exceeded background concentrations in fish tissue samples, 
with at least nine metals exceeding backgroundrin fish samples from each study area. SVOCs were 
detected in saniples from all study areas, but only 4-methyl phenol was detected above the CRL. 
Eight pesticides and one PCB (Aroclor-1254) were detected in the fish tissue samples.. 

4.8.4 FishFillete 

Two fish fillets were collected from each of Study Areas 26, 27, and the Talladega Creek 
tributaiy. Fish fillet,samples were analyzed for explosives, metals, SVOCs, and pesticides/PCBs. 
The summary statistics for fish fillets are presented in Tables 4-109 through 4-111. Figure 4-59 
summarizes general groups of analytes (metals, explosives, and SVOCs) detected in fish fillet tissue 
at each sample location. Appendix K provides data simimary tables for fish fillet tissue. 

Metals—Ten metals were identified at 
concentrations that exceeded background (CEBs), 
and are listed in the adjacent box. Eight of ten 
metals identified in the three study areas exceeded 
background at Study Area 27, three metals 
exceeded background at Study Area 26, and only 
two metals exceeded background at the Talladega 
Creek tributary. 

Explostyes—Explosives were 
detected in any ofthe fish fillet samples. 

not 

SVOCs—Three SVOCs were detected in 
fish fillet samples from the Talladega Crieek 
tributary, and one SVOC was detected at Study 
Area 27. SVOCs were not detected at Study Area 
26, as shown in the adjacent box. Of the four 
SVOCs detected in the fish fillet samples, only 
4-methyl phenol (1.76 ng/g) in one Talladega 
Creek tributary sample exceeded the CRL. 

Maximum Concentrations (ug/g)* 1 

Analyte 

Barium 
Calcium 
Chromium 
Cobalt 
Iron 
Lead 
Manqanese 
Mercury 

: Nickel 
Selenium 

Study Area 
26 

0.14 

0.89 

0.69 . 

study Area 
27 

3.7 
182,000 

14 
1.3 

: 68 

, -19 

6.1 
0.30 . 

Talladega 
Creek 

Tributary 

, 0.15 

0.16 

* ANOVA evaluation not conducted because there are fewer than 
four samples in the background data set. ' 

Msx'mum Cence-ntraflens (yg.'g) ! 

Analyte 

2-Methvlnaphthalene 
4-Methyi Phenol 
Benzyl Alcohol 

1 B2EHP 

Study Area 
27 

• ' ' 

0.148 

Talladega 
Creek 

Tributary 
0.0909 

1.76 
, 

0.138 

D 

Pesticides/PCBs—Pesticides and PCBs were not detected io any ofthe fish fillet samples. 
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Table 4-109. -Summary Statistics and Exposure Point Concentrations ror Fish Fillets al Study Area 26 - Crossover Ditch 
Alabama Army Ammunition Plani, Childersburg, Alabama 

T i 
n 
O 

a 

Run t ime: 6:22:45 PM 

Run Dite: 3/29/99 

Exposure Unil: 26_ 

Parvneter 

Aluminum 

Calcium 

bon 

Uad 

Magics turn 

Mangane>e 

Potassaim 

Selenium 

Sodium 

Zinc 

_PS4 

Units 

P8/f 

f i l l 
pg/g 

f i l l 

pg'g 

pg/g 

f i l l 

f i l l 

f i l l 

pg/g 

P C I 

Propotlion of Detects 

AO Samples* 

Pioponion of Detects 

Temporal A Spalial 

Samples' 

Froiuency 

ofDeteclion' 

30% 

100% 

50% 

50% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

NonDetects 

MinCRL' 

5 2 

6.2 

O.IOO 

MaxCRL-

3.2 

.-
6.2 

OIOO 

--

Detecu 

Minimuin 

9.7 

2,890 

6.7 

0.14 

291 

0.62 

0.62 

3,870 

0.31 

627 

13 

Maximum 

97 

4,940 

6.7 

014 

357 

0.74 

0.89 

3,900 

0.69 

4,000 

17 

Anthmetic 

Mean' 

.. 
-
. 

-

-
-
-

Standard 

Deviation' 

--

Distribution* 

Undetermined 

Undetennined 

Undetermined 

Undelermined 

Undelermined 

Undelermined 

Undetermined 

Undetennined 

Undetermined 

Undetemiined 

95% UCL of 

Arilh. Mean' 

Exposure 

Point 

Concentration' 

9 7 

4,940 

6.7 

0.14 

357 

074 

0.89 

3,900 

0.69 

4,000 

17 

P 

P 

P 

» 
P ' 

P 

p 

0 

P 

P 

p 

2 x B K 

Mean' 

24 

13,340 

24 

668 

9 1 

0.42 

6,280 

4.300 

42 

Baclkgiuund 

Comparison' 

Ibkl 

I W l 

|bk| 

ICEBl 

Ibk l 

Ibkl 

ICEBl 

Ibkl 

ICEBl 

|bk| 

(bkl 
So 

* For the 'Proportion o f Detects • AO Samples' column, counts were based on the uruvcraged data M L 

For the "Proponion ofDetects • TemponI and Spatial Samploi' and Ihc "Frequency of Daection' columns, counts were based on dw averaged data set (e.g., groundwiier samples &om die same wcD were avenged). 

"^CRL • contract reporting ItmiL 

* Noivletcas were treated as one-half d x detection limit in O K calculation of the site and background (BK) arithmelic means, standaid deviadon, and 95% upper confidcrve limit (UCL). 

* Dtsthbuttons fbr O K calcutaiion of CKposure point concentrations (EPCs): I ) I f fewer dian 4 samples ire available in thc site dau set. 'TJndetermined* is indicated and die 9S%UCL is calculated based on a lopwrmaJ datribuikm 2) Ifthe Kirmal 

goodness-of-fil test coefficieni is greater dkan die critical value, die distribulion is nonna). 3) I f dw lognormal goodness-of^fU test coefficient is prater dun die critical vahie, d v distribution is bgriortnal. 4) I f neidwr of die goodness-of-fit 

test ooefficienu is p^atei than the critical value, the distribulion is assumed to be bgnormal. 

' The EPC B OK 93% UCL o f die aridunetic mean widi 2 exceptions: i f dw 9S% UCL exceeds dw maximum detected vahie (denoud by a > ' nexl to dw EPC) or dw site dau set contains fewer dian 4 samples, dw maximum detected value is sub!>iituied as the EPt'. 

' CEB (chemica) exceeding background) - the maximum detected resub b peaier than or equal to iwo times thc background mean; bk (background) - lhe maximum detocted resub b less than two lime> the background mean; ANOVA - analysis of vanarKc 

determines dial the site and background dau sets come from dw same population. 

* • Not appticable (note: backgnmnd comparison not conducted for organic compounds) 

< ^ 
s: 
5̂  
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t 
a. 
© 
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Tablle 4-110. Summary Sitilistics and Exposure Point Concentraiions ror Fish Fillets at Study Area 27 - Beaver Pond Drainage System 
Alabama Army Ammunilion Plant, Childersburg, Alabama 

T> 
a •a o 

K J 
SO 
L n 

RunTime: 6:32:27 PM 

Run Date: 3/29/99 

Exposure Unil: 27_ 

Paiameter 

Aluminum 

Baiium 

Cafcium 

Chromium 

Coball 

Iron 

Magnesium 

Manganese 

Mercury 

Nidiel 

Potassaim 

Selenium 

Sodium 

Zinc. 

Benzyl Alcohol 

.PS4 

Unils 

PCs 

f l i t 

f i l l 

f i l l 

f i l l 

f t l l 

f i l l 

f l i t 

f i l l 

f t l l 

f t l l 

f i l l 

f i l l 

f i l l 

P C I . 

Proponion of Detects 

Al l Samples' 

Propoction of Detects 

Tem[or i l A Spatial 

Samples' 

Fiequency 

ofDeteclion' 

50% 

100% 

100% 

50% 

50% 

100% 

100% 

100% 

100% 

50% 

100% 

100% 

100% 

100% 

100% 

NonDetect-s 

MinCRL-

14 

048 

0.88 

087 

' • - - • 

• -

Max CRL-

14 

048 

088 

0.87 

--
-. 

Detects 

Mnimum 

24 

1.9 

8,600 

14 

13 

98 

335 

16 

fi.M 
6.1 

2,840 

024 

658 

27 

O07I 

Maximum 

24 

3.7 

182,000 

14 

1.3 

68 

481 

19 

O20 

6.1 

3,090 

0.30 

1,010 

30 

015 

Arilhmetic 

Mean' 

-. 
-

Standanl 

Deviation' 

-
-

Dbtribution* 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undeteimined 

Undetennined 

Undetennined 

Undeteimined 

Undetennined 

Undetermined 

Undeteimined 

Undetermined 

95% UCLof 

Arilh. Mean' 

Exposuie 

Point 

Conccnlratiun' 

24 

37 

182.000 

14 

1.3 

68 

481 

19 

0.20 

6 1 

J.090 

0.30 

I.OIO 

30 

015 

2 x B K 

Mean' 

2-1 

1 9 

13.340 

24 

668 

91 

042 

6.230 

--
4.300 

4:: 

Backgiuund 

ConipariMin' 

Ibkl 

ICERI 

ICEUI 

ICEBl 

ICEUI 

ICEUI 

Ibkl 

ICEBl 

|bk| 

ICEHI 

Ibkl 

ICEB) 

(bkl 

Ibkl 

ICEUI 

' FortheTroporn'onofDetecis - AD Sampksf'column.counisweiebasedoriihcunavenged'dauseL . - . - . • . 

^Fordw "Proponion ofDetects- TeniporBt iind Spatial Samples'and thie "Fnquency o f Detection'columns, counts were basedontheavcngcddaui>ei(e.g. groundwata samples from Uw same weD were averaged). 

'CRL - contnci reponing limit. 

' Nondetects were treated as one-half the detection limit in the calculation of llw site and background (BK) arithmetic means, standard deviation, and 95% upper confidence limit (UCL). 

'Dtstributions forthe calculation ofexposure poim coiwcntraiions (EPCs): I] If fewer dian 4 samples areavailable in dw site dau set, njndetermined*'is indicated and the 9S%UCL is calculated based ona logrwrmaJ dutribuiion. 2) If ihe nonnai 

goodness-of-lil tesl coeflicienl b greate* dian the critical value, lhe dbirtt i i i ion is normal. 3) Ifthe kignormal goodneu-of-fit test coefficient b greater than dw critical value, dw dbtribution b bgnoimal. 4) Ifneither ofthe goodnes^-of-fit 

test coefficicnu b greaia than the arii icil value, the dbtribulion a assumod to be bgnormal. 

' The EPC b dw 95% UCLof dw aridunetic mean widi 2 exceptions: i f dw 95% UCLexceeds dw mnximum detected vatue (deiuted by a "# ' next lo dw EPC) or dw siie dau set conuins fewer dian 4 samples, dw maximum detected value is subsiituied as thc tPC 

' CEB (ctwmtcal exceeding background) - the maxtmum detected resuh u gtetter than or equal to two rimes the background mean; bk (background) - the nuximum detected result b k u than two times the background mean; ANOVA - a^al>^ts of\ari2i>ce 

dcteimines thu the site and background dau sets come from dw same poputation. 

- - Not appticable (nole: background compirbon not conducted for organic compounds) 
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Table 4-111. Summary Statistics and Exposure Poinl Concentrations ror Fish Fillets at Sludy Area TA - Talladega Creek 
Alabama Army Ammunition Plant, Childersburg, Alabama 

KJ 

Os 

> 
c 
1 K> 
o 
o 

Run Time; 7:30:04 PM 

Run Date.' 3/29/99 

Exposure Unit: TA_PS4 

Paiameter 

Proportion of Detects Propottion of Detects Exposure 

>kll Samploi' TemponI & Spatial Frequency NonDetects Detects Arilhmetic Standaid. 95% UCL of 

Units Samplei' of Deteaion' M inCRL ' MaxCRL' Minimum Maximum Mean' Deviation' D'eitrifaution' Ar i tKMean' Concentraiion' 

Aluminum 

Antimoriy 

Arsenic 

Calcium 

Copper 

Lead 

Magnesium 

Manganese 

Mercury 

Potassaim 

Selenium 

Sodium 

Zinc 

2-Methy4naphlha)eiie 

4-Methy< Phenol 

bis(2-Elhylhcx>4;plilhalaie 

f l / l 
f t l l 
f l / l 
f l / l 
PCs 
PCs 

PC> 

PCS 
PCs 
PCS 
MCg 
MC> 

PCs 
MC« 

PCs 
PCI 

100% 

100% 

50% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

50% 

100% 

100% 

50% 

50% 
100% 

--
OIOO 

--

--
--

0.20 

033 

0.33 

.-
O.IOO 

--
--

.-
--
--

0.20 

0.33 

0.33 

7.3 
0.26 

031 

2,480 

l.l 
0.14 

301 
1.9 

O.ll 

2,820 

0.16 

479 

16 
0091 

1.8 

O.IO 

13 
0.74 

031 

7.660 

2.4 

013 
548 

2.2 
014 

3,660 

0.16 

640 
17 

0.091 

1.8 
O.M 

Undetermined 

Undetermined 

Undetcnnined 

Undetcnnined 

Undetermined 

Undetermined 

Undeteimined 

Undetcnnined 

Undetermined 

Undetermined 

Undetenntned 

Undetcrm ined 

Undetermined 

Undetcnnined 

Undetetmiiwd 

Undeteimined 

Point 

iccntialion' 

13 
0.74 

0.31 

7,660 

2.4 

0.15 

34S 

2.2 
014 

3,660 

0 16 

640 
17 

0.091 

1.8 

0.14 

2 x B K 

Mean' 

24 

1.3 
0.33 

13.340 

6.8 

668 
9.1 

042 
6,280 

4.300 

42 

--

Background 

Compaii.un' 

Ibkj 

Ibkl 

|bk| 

Ibkl 

Ibkl 

ICEBl 

Ibkl 

Ibkl 

Ibkl 

Ibkl 

ICEBl 

|bk| 

Ibkl 

ICEBl 

ICEBl 

(CEBl 

* For the "Proportion ofDetects • AD Samples'column, counu were based on ttw unavenged data set. 

For the "Pioportbn ofDetects - TemponI and Spatial Samples" and the "Frequency of Dctoctbn' columns, counis were based on ttw avenged dau set (eg., groundwater samples from the sanw weD were avenged). 

T R L • contract reponing limiL 

' Nondetects were treated as onc-half (he detection limit in dw calculation o f dw s i» and tuckgrourv) (Bte > arilhmetic m ^ 

* Dbtributions for dw calculation ofexposure point concentrations (EPCs): I ) I f fewer dtan 4 samples are available in dw site dau set. "Undetennined' b indicated and dw 9S%UCL b cabulaicd based on a kignormal dbtribution, 2) I fdw normal 

goodness-oPfii le i l coeflicienl b p e a i a dian dw critical vahw, dw dbtribution b nonnal. 3) I fdw lognonnu] goodness-of-fil lest ccefficicni b greater dian dw criiical value, dw dbtribution b bgnonnal. 4) Ifneilher of dw goodness-of-fii 

lest coefficients b greata- dian dw criiical value, dw dbtr ix i i ion b assumed to be bgnonnal. 

The EPC b d w 95% IXTLofdw aridimctic mean with 2 exceptkins: i fdw 95% UCL exceeds dWTiuximum detected value (denoted by a "«'next to the EPC) or dw^^^ ihc EPC. 

' CEB (chemical exceeding background) - dw inaximum detected rcsub b grealer dian or equal to two times dw background mean; bk (background) - dw maximum detected resub b less dan two limes dw background mean. ANOVA - anal>-iits of variarKc 

detennines tliai dw site and background dau sets come from ttw same population. 

- - Not appbcable (note: background comparison not conducted for organic compounds) 
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samples. 

4.8.5 Rabbite 

Twelve rabbits were collected from Study Areas 8 (3 rabbits), 10 (3 rabbits), 16 (2 rabbits), 
and 17 (4 rabbits), and tissue samples were analyzed for explosives, metals, SVOCs, and 
pesticides/PCBs. Two of the rabbits (BR-17-003 and BR-17-004) from Study Area 17 were 
combined into a single sample (BR-17-004) to yield sufficient tissue for analysis. In addition. 
Study Area 8 rabbit samples and one Study Area 16 rabbit sample were analyzed for hexavalent 
chromium. Tables 4-112 through 4-115 present the summary statistics for rabbit tissue samples. 
Figure 4-60 summarizes general contaminant group CEBs (metals, explosives, and SVOCs) 
detected in rabbit tissue at each sample location. Appendix K provides data summary tables for 
rabbit tissue. 

) 

Metals—Eight metals were 
identified at concentrations that 
exceeded backgroimd, and are listed 
in the adjacent box. All CEB metals 
except arsenic were detected in 
rabbits captured at Study Area 16. 
Arsenic exceeded background 
concentrations in rabbit samples 
collected from the Study Areas 8, 10, 
and 17. Arsenic was detected in 5 of 
the 11 samples analyzed. 

Maximum Concentrations (ug/g)* I 

Analyte 

•Arsenic 
Calcium 
Chromium 
Copper 
Manqanese 
Nickel 
Selenium 
Silver 

Study Area 8 

0.13 

1 

3.1 
0.16. 

Study Area 
10 

0.13 

0.69 

Study Area 
16 

7.730 
0.61 
.0.50 
,0.81 . 
3.7 
0.15 
0.45 

Study Area 
17 

0.25 

1.2 

* ANOVA evaluation was not conducted because there are fewer than four samples 
In the background data set. 

Concentrations of copper in rabbit tissue from all study areas exceeded background. 
Copper was not detected in the backgrpund rabbit tissue samples. Copper was detected in 10 of the 
11 rabbit samples analyzed from the four study areas, at concentrations ranging fix)m 0.5 to 
1.2 fig/g. Concenfrations of copper were highest in tissue collected from Study Area 17, with a 
range from 1.1 to 1.2 \xg/g. 

) 

Chromium was detected in only one rabbit sample collected froin Study Area 16 at a 
concentration of 0.61 ^g/g. Manganese was detected in a single rabbit sample from Study Area 16 
at a concentration of 0.81 ng/g. Silver was detected in both rabbit samples collected in Study Area 
16 at concentrations of 0.4 and 0.45 |ig/g. Nickel was detected in one rabbit sample from Study 
Area 8 and two rabbit samples from Study Area 16. 



Table 4-112. Summary Statistics and Exposure Point Concentrations for Rabbits at Study Area 8 - Acid/Organic Manufacturing Area 
Alabaina Army Ammunition Plant, Childersburg, Alabama 

RunTime: 5:27:11 PM 

Run Due: 3/29W 

Exposure Unil: 08_PS1 

Panmcter UniB 

Proponion of Dctecis 

Atl S i m p l a ' 

Proponion of Delects 

TemponI A Spuial 

Samples' 

Frequency NonDetects 

•f Deteciion' MinCRL' M a i CRL' 

Detects 

Minimum Maximum 

Anthmetic 

Mean* 

Slandanj 

Deviation' Distribulion* 

95% UCL of 

Ar i tKMean' 

Exposure 

Poinl 

ConccnlTBlion' 

2 « B K 

Mean' 

Hac 

Con 

Ahimimmi 

Amimony 

Areenic 

Calcium 

Coppcr 

lion 

Mapiesium 

Nickel 

Poiassum 

Selenium 

Sodium 

Zinc 

4-Melhyl Phenol 

Benzoic Acid 

bis(2-Elhylhexyl)phlhalale 

MS'S 

f l i t 

f i l l 

MS'S 

M'i 

M ' i 

f i l l 

f i l l 

Itt/l 

f i l l 

f i l l 

f i l l 

f i l l 

f l i t 

f l i t 

33% 

33% 

67% 

100% 

100% 

100% 

100% 

33% 

100% . 

33% 

100% 

33% 

33% 

33% 

67% 

2.8 

0.19 

O.IOO 

0.88 

O.IOO 

14 

0.33 

1.6 

0.33 

2.9 

0.20 

OIOO 

0.89 

--
O.IOO 

15 

033 

16 

033 

3.0 

0.23 

OIOO 

60 

0.58 

10 

245 

3.1 

3.700 

016 

458 

12 

OIO 

0.086 

O.IO 

3.0 

0.23 

013 

IOO 

1.00 

14 

281 

3.1 

4,110 

0.16 

617 

12 

OIO 

0 086 

0.15 

Undetermined 

Unkiermtned 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undeteiminod 

Undetennined 

Undetennined 

Undeteimined 

Undetermined 

Undetermined 

Undetermined 

3.0 

0.23 

0.13 

IOO 

1.00 

14 

281 

3.1 

4,110 

0.16 

617 

12 

OIO 

0.0H6 

0.15 

14 

1.3 

6.092 

30 

630 

2 0 

7.600 

994 

28 

' For dw "Proponion of Dciectii • AD Samples ' column, counts were based on dw univenged data s e t 

For dw "Proponion ofDetects - TemponI and Spatial Sampler" and the Trequency of Detection' columns, counts were tiased on ltw avenged data set (e.g., groundwater samples from tlw same weD were averaged). 

"^CRL - contivcl reporting limit. 

* Nondetects were treated as onc-half dw detection limit in dw calculation of dw site and badiground (BK) aridimetic means, standard deviation, and 9 5 % upper confidence limit (UCL). 

' DbtributiorK Gv dw calculation ofexposure poinl concentraiions (EPCs): I) If fewer d a n 4 samples are avaiUble in dw site data set, Unde tenn ined ' is indicated and dw 95%UCL is calculated based on a lognormal dtstribution, 2) If thc nonnal 

goodneui-of-fii tesl coefficieni is pca le r dian thc critical value, dw distribulion is nonnal. 3) Ifttw lognormal goodness-of-fil test coefTicieni is greater than tlw critical value, the distribulion is lognonnat. 4) Ifneither of ttw goodnc&s-of-fit 

tesl coefficients e> greater dian dw critical value, dw distrftiutton Is assumed to be bgnormal. 

'T tw EPC is the 9 5 % UCL ofdie arithmetic mean with 2 exceplions: if dw 9 5 % UCL exceetk Ihe maximum detected value (denoted liy a "ff" next to dw EPC) or the site d a u set contains f ewa tlian 4 samples, tlw maximum detected value is <>ubMituicd as dw EP' 

' C E B (chemical exceeding tiadcground)- the r n u i m u m detected result is greater ttian or equal to two times the background mean; bk (background) • the maximum detected r e u l i is less tlan two limes dw background mean; ANOVA - analysts of variance 

determines dial dw site and background d a u sets come from dw sarne population. 

- • Not applicable (note: background comparison not conducted for ofgank compounds) 

r̂  



Results of Field Investigations 

Summary—Ten metals were identified at concentrations that exceeded background in fish 
" ^ ^ fillets. One SVOC, 4-methyl phenol, was detected above the CRL in a fish fillet from the 

1 alladega Creek tributary. PCBs, pesticides, and explosives were not detected in any fish fillet 
samples. 

4.8.5 Rabbite 

Twelve rabbits were collected from Study Areas 8 (3 rabbits), 10 (3 rabbits), 16 (2 rabbits), 
and 17 (4 rabbits), and tissue samples were analyzed for explosives, metals, SVOCs, and 
pesticides/PCBs. Two of the rabbits (BR-17-003 and BR-17-004) from Study Area 17 were 
cjombined into a single sample (BR-17-004) to yield sufficient tissue for analysis. In addition. 
Study Area 8 rabbit samples and one Study Area 16 rabbit sample were analyzed for hexavalent 
chromium. Tables 4-112 through 4-115 present the summary statistics for rabbit tissue samples. 
Figure 4-60 summarizes general contaminant group CEBs (metals, explosives, and SVOCs) 
detected in rabbit tissue at each sample location. Appendix K provides data summary tables for 
rabbit tissue. 

Metals—Eight metals were 
identified at concenfrations that 
exceeded background, and are listed 
in the adjacent box. All CEB metals 
except arsenic were detected in 
rabbits captured at Study Area 16. 
Arsenic exceeded background 
concentrations in rabbit samples 
collected from lhe Study Areas 8, 10, 
and 17. Arsenic was detected in 5 of 
the 11 samples ;analyzed. 

Maximum Concentrations (ug/g)* j 

Analyte 

Arsenic 
Calcium 
Chromium 
Copper 

Manqanese 
Nickel 
Selenium 
Silver 

Study Area 8 

0.13 

1 

3.1 

0.16 

Study Area 
10 

0.13 

0.69 

Study Area 
16 

7,730 
0.61 
0.50 
0.81 
3.7 
0.15 
0.45 

Study Area 
17 

0.25 

1.2 

* ANOVA evaluation was not conducted because there are fewer than four samples 
in the background data set. 

Concemtrations of copper in rabbit tissue from all study areas exceeded background. 
Copper was nol: detected in the background rabbit tissue samples. Copper was detected in 10 ofthe 
11 rabbit samples analyzed from the four study areas, at concentrations ranging from 0.5 to 
1.2 îg/g. Concentrations of copper were highest in tissue collected from Study Area 17, with a 
range from 1.1 to 1.2 jig/g. 

Chromium was detected in only one rabbit sample collected from Study Area 16 at a 
concentration of 0.61 ng/g. Manganese was detected in a single rabbit sample from Study Area 16 
at a concentration of 0.81 ng/g. Silver was detected in both rabbit samples collected in Study Area 
16 at concentTitions of 0.4 and 0.45 |ig/g. Nickel was detected in one rabbit sample from Study 
Area 8 and two rabbit samples from Study Area 16. 

• ^ ^ l i ^ 
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Table 4-112. Suminary Statistics and Exposure Point Concentrations tor Rabbits at Study Area 8 - Acid/Organic Manufacturing Area 

Alabama Army Ammunition Plant, Childersburg, Alabama 

n 
o 

KJ 

RunTime: 5l27; l l PM 

Run Dale: 3/29/99. 

Exposiire lAu i :08_PS I 

Pifrmctcr 

Abimtmun 

Antunony 

Anicrac 

Caldum 

Copper 

bon 

Mapieitum 

Nickel 

Polwisaini 

Seleniuni 

Sodium 

Zinc 

4-Melliyl Phenol 

Benzoic Acid 

bis(2-Elhyttie<yl)pti)halale 

Unitt 

Proponion of Detecu Proponion 

AU Sampler' TempotaJ 

Sami 

ofDetects 

A Spalial Frequacy 

tics* .if Detection* 

f i l l 

f i l l 

f t l l 

f l i t 

f i l l 

f i l l 

f t l l 

f i l l 

f i l l 

f i l l 

f t / l 

f i l l 

l l l l l 

Mt/g 

f l i t 

NonDctects Detects 

M t n C R t ' MaxCRL' Minimum Maximum 

Exposure 

Arilluiietic Stanlard 93% UCLof Poinl 

Mean^ Deviation^ Datrifaution' Arith. Mean* Concenlralion' 

3 J S 

33% 

67% 

100% 

100% 

100% 

100% 

33% 

100% 

33% 

100% 

33% 

33% 

33% 

67% 

2.8 

0.19 

O.IOO 

-. 
0.88 

O.IOO 

14 

0.33 

1.6 

0.33 

2.9 

0.20 

OIOO 

--
--
.. 

0.89 

--
O.IOO 

13 

0.33 

1.6 

0.33 

3.0 

0.23 

O.IOO 

60 

OSS 

10 

245 

3.1 

3,700 

0.16 

438 

12 

O.IO 

0.086 

O.IO 

3.0 

0.23 

0.13 

IOO 

1.00 

14 

281 

3.1 

4,110 

0.16 

617 

12 

OIO 

O086 

0.15 

LfrKktermined 

Undetemiirted 

Undetomtncd 

Undetermined 

Undetcnnined 

Undetermined 

Uridetermtned 

Undetermined 

Undetermined 

Undetcnnined 

Undetennlned 

Undetermined 

Undetermined 

Urvleiermined 

Undetemiined 

3 0 

023 

0.13 

100 

1.00 

14 

281 

3.1 

4,110 

016 

617 ' 

12 

O.IO 

0.0R6 

0.15 

2 x B K 

Mean' 

14 

1 } 

• -

6,092 

30 

620 

2.0 

7.600 

994 

28 

--

Backgiuund 

Comoarvon* 

|bk| 

Ibkl 

ICEB) 

. | b t | 

. I C t B ) 

Ibk) 

Ibkl 

(CEB) 

Ibkl 

ICEBl 

Ibkl 

. Ibk) 

ICEBl 

ICEBl 

ICEBl 

* For die Troport ionorDeiectS'AD Samples" column, counts were based on die unavenged dau scL 

For the "Proponkm of Dcicctii- Temporal and Spatial Sampia''and theTrequencyof Detection" coltmus, counts were basod on the averaged dau set {e.g., groundwater sunples from thesame weD were averaged!. 

T R L - con&^a reporling limit. 

Nondetects were treated ts one-halfthe detectton limit in die calcutaiion ofdie sile snd background (BK) arithmetic means, standard deviadon. aitd 95% upper confidence limit (UCL). • 

'Dbtribulions for the calculation ofexposure point concerNrations (EPCs): I ) Iffewer than 4 samplei are available in die site dau set, TindctenTuned'is indicated and the 95%UCL is calculated based on a lognomul disnibution. 2) If die normal 

goodneui-of-fit test ccefficient is grealer dan the ouical value, the distribution is nonnal. 3) I f the kignonnal goodncss-of-fU test coefficient is grcaier than the critical value, the distribulion b k>gnoniu). 4) I f lieiiher of the goodness-of-fii 

tesl coefficienis is greater than die critical vahie, the disirfttuikMi b assumed to be tognormal. 

' The EPC K die 95% UCL o fdw aridimetic mean widi 2 exccpikms: i fd ie 95% UCL exceccbidK mu imum delected value (denoted bya V * value is •iubMiiuicd as ihc EPC. 

' CEB (chemical exceeding background) - the maximum detected result is peater thin or equal to two dmes the background mean; bk (background) - die maximum detecied rcsub is less than two times the background mean: ANOVA • analysis of variance 

determines that the kite and background data sets come 6om the same population. 

• • Nol applicable (noic: background comparison nol conducted for organic compounds) 
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Table 4-113. Summary Statiitics and Exposure Point Concentrations ror Rabbits at Study Area 10 - Telryl Manuracturing Area-East 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Ti 
n 

ia o 
a 

Run Time: 3:41:42 PM 

Run Date: J/29/99 

Exposure Unit: I OE.PS I 

Parameter 

Animony 

Aneiac 

Calcium 

Copper 

Iron 

Magneskim 

Potassaim . 

Sodium 

Zinc 

Benzoic Acid 

bi3(2-Ethylhexy<)phthalate 

Profionion of Deteas Pioponion of Detects Exposuie 

AD Sampia* TemponI A Spatial Frequency NonDetects Delects Arithmetic Standard 95% UCL of Point 

units Ssuptet* sfDetectioti^ M J r C R I ' MaxCRL' Minimum Maxnnum Mean** Deviation^ Distribution' AritKMean^ Concemration' 

f t l l 

f i l l 

f t l l 

f i l l 

MS/S 

l>S/S 

M V S 

Ws 

f i l l 

l « 'S 

67% 

33% 

100% 

100% 

100% 

100% 

100% 

100% 

67% 

67% 

100% 

0.20 

OIOO 

I I 

1.6 

.. 

0.20 

OIOO 

.. 

-. 
--

I I 

1.6 

.. 

019 

0.13 

36 

0.52 

7.3 

217 

3,070 

279 

21 

0.0% 

0.086 

0.22 

0.13 

85 

0 69 

14 

257 

3.740 

490 

21 

0.37 

0.13 

Undetemiined 

Undetennined 

Undaennined 

Undaermined 

Undaermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Urvleterminod 

Undetennined 

0.22 

on 
85 

0.69 

14 

257 

3,740 

490 

21 

0.37 

0.15 

2 x B K 

Mean' 

1.3 

--
6,092 

30 

620 

7.600 

994 

28 

--

Backgound 

CuinpariiOn* 

Ibkl 

ICEBl 

Ibk) 

ICEB) 

Ibkl 

Ibk) 

Ibkl 

( b l j 

Ibkl 

ICEB) 

(CEBl 
S3 

c 

u> 
o 
o 

* For die Troponkm of Detecu • AB Sampia" cohonn, couns wen basod on dc unaveraged dau SCL 

^For the "Proponkm ofDetects - Temporal and Spatial Samples" and the "Fmiuency of Dctectnn" cohimm, courts wen based on OK averaged dau s a ( e g , groundwater samples from the same wcO were averaged). 

'CRL - contract reporting limit. 

* Nondetects were treated as one-half the daection limit in (he calCiiiaikin ofthe site and badcgrotvv} (fiK> aridvnctic means, slandard dcviaiioa and 95% upper confidence limit (UCL), 

'Distributions Cor the calculadon ofexposure poinl concentrations (EPCs): I) If Tcwer than 4 samples are available in die site dau set. IJndctermined" is indicated and the 95%UCL is calculated based on a kignormal distributkm. 2) Iflhenonnal 

goodness-of-fU ICSI oieffkicni is gresicr duo thc critica] value, thc dstrfliutkin is nonnal. 3>lfihek)8nornialgoodncss-oP^iUicslcoefiicknibpcaicrthandiecriiica) vahw, the diltribution is tognonn^ 4) Ifrwidier ofihegoodncs^-of-fij 

te^t coefficient!! ts greater than the critKal value, the distidwtMui b auumcd to be bgnonna). 

' The EPC B die 95% UCL of die ariibnetic mean with 2 cxc«ption:«: iflhe 95% UCL cxccnb the maximum detected value (denoted h y t ' i T next to the EPC) or Ox sile dau s a oonuins fewer than 4 samples, the iruximum daected value is subKiiiuied as ihe EPC. 

' C E B (chanieal cxcoedii^ background)- thc nuximum detected re»uh b greata than or equal to two tinm thc backgrotmd mean; bt (background) - thc maximum detected rctuh is l ea than two times the background mean; ANOVA - analyss of variance 

determine; dial the site and backgrmnd dau MIS come from die came poputuwa 

- - NOI appbcable (note: background comparison not conducted for organic compounds) 
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T l Table 4-114. Summary Statistics and Exposure Point Concentraiions for Rabbits al Sludy Area 16 - Flashing Cround 
Alabama Army Ammunition Plant, Childersburg, Alabama 

2" 
n 
o 

o 

> 
c 

1 o o 

Run Time: 5:47:47 PM 

Run Date: 3/29/99 

Exposuie Unil: I 6 _ P S I 

Parameter Units 

Proponion ofDetects 

Al l Samples' 

Proponkm of Detects 

Temporal A Spatial 

Samples' 

Frequency 

of Detection' 

NonDetects Detects 

MinCRL' MaaCRL' Minimum Maaimum 

Arithmetic 

Mean' 

Slandanl 

DevialKH/ Distribution' 

93% UCLof 

Arilh. Mean' 

Exposuie 

Poinl 

Concentration' 

2 « B K 

Mean' 

Background 

Compaiison' 

Atuminum 

AnUmony 

Barium 

Calcium 

Chromium 

Copper 

Lead 

Miffiestum 

Manganese 

Nidtel 

Poiassum 

Selenium 

sa«r 
Sodium 

Zinc 

Benzoic Acid 

MS'S 

CS'S 

MS'S 

M^S 

MS'S 

f i l l 

f l i t 

f t / t 

f i l l 

f t / l 

f i l l 

f i l l 

f i l l 

f i l l 

f i l l 

f t / t 

f i l l 

2 / 

1 / 

2 / 

2 / 

1 / 

1 / 

2 / 

1 / 

2 / 

1 / 

2 / 

2 / 

1 / 

2 / 

2 / 

2 / 

I / 

100% 

30% 

100% 

100% 

50% 

50% 

100% 

50% 

100% 

50% 

100% 

100% 

50% 

100% 

lOO-/. 

100% 

50% 

--
0.99 

--
0.50 

037 

0.090 

--
0.46 

•• 
OIOO 

3.2 

0.99 

0.50 

037 

-. 
0.090 

-. 
0.46 

-. 

OIOO 

.. 

.. 
3.2 

3.1 

0.39 

1.8 

1,700 

061 

0.50 

17 

0.15 

261 

081 

1.4 

2,820 

015 

O40 

507 

16 

052 

10 

0 39 

7 0 

7,730 

0.61 

0.50 

18 

015 

366 

0.81 

3 7 

3,250 

015 

0.45 

354 

19 

0.52 

Undetermined 

Undetermined 

Undetennined 

Undeteimined 

Undetermined 

Undetcnnined 

UndelcnniiKd 

Undctetmined 

Undctcrniined 

Untlctcrmined 

Undetermined 

Undetennined 

Undetcnnined 

Undctetmined 

Undelcimuwd 

Untletermined 

Undetermined 

10 

0.39 

7.0 

7.730 

0.61 

050 

18 

013 

366 

081 

3.1 

3.250 

015 

0.43 

354 

19 

0.52 

14 

1.3 

8.4 

6,092 

30 

0.20 

620 

2.0 

7,600 

Ibk) 

(bkl 

Ibkl 

ICEBl 

ICEBJ 

ICEB) 

m 
Ibk) 

Ibk) 

ICEB) 

ICEB) 

(bk) 

ICEBl 

[CEBl 

Ibk) 

Ibk) 

ICEBl 

* For Ihe "Proponion ofDetects - AB Samples" cohimn, counis were based on the unaveraged data set ^ 

' For the "Proportion OfDetects - Temporal and Spatial Samples" and the "Frequacy o f Detection" cohmus, couias were based on iltf avenged data Mt (e.^, goundwater samples fiom the same wcD were averaged). 

'CRL • contract reponing l imit 

' Nondetects were tivated as one-half the detection limit in the calculation o f the site and badtground (BK) aridimctic means, standard deviation, and 95% upper confidence limit {UCL). 

' Dtttrtbutions for die calcuUtion o f exposure point concentrations (EPCs): I ) I f fewer dian 4 samples are available in die site dala set. "Undetennined" B indicatod and die 95%UCL b calcuUled based on a lognormal disbibutioa 2) I f die normal 

goodness-of-fil test coefficiem is peater dian die critical vahie, die distribution is nonnal. 3) I f die topiormal goodness-of-fit test coefficient a ffolts dian ihc critical value, the dtstribulion is lognormal. 4) Ifneither of die goodne&s-of-fil 

test coefficienis ct pcaler dian the criiical vahie, die dislribution is assumed to be bgnormal. 

' The EPC K dc 95% UCL of die arilhinetic mean widi 2 exceptions: i f dw 95% UCL exceeds die maximum deteaed value (dcnoled by a "0" next to die EPC) or d c site dau set contains fewa dan 4 samples, dc maximum daected value is subsliluled a.N the EPC. 

*CEB (dcmical exceeding badtground)-dc maximum detected lesuh is pvaler than or equal to Iwo times dc badiground mean; bk(hadigroiuid)- dc inaximum fletecled resull is less dan two times d c background mean; ANOVA - analysis of variance 

determines dtt i die site and badtground data seu come fiom dc tame popuUtion. 

- . Not appticable (note: background comparEOn not conducted for organic compotuids) 

c c c 
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Run Time: 5:53:19 PM 

Run Date: 3/29/99 

Exposure Unit: I7_ 

raiamcict 

Antimony 

Anieiac 

Calcium 

Coppa 

lion 

Mafftesium 

Potassum 

Sodium 

Benzoic Ackl 

.PSI 

bis(2 -Edvlhexyl)phlhaUle 

l.tniH 

f t / l 

f i l l 

f t l l 

M 'S 

I'g'g 

f i l l 

f l i t 

f l i t 
f U t 

f t l l 

Table 4-1 IS. Summary Statistics and Exposu 

Proportion of Detects Pioponnn of Detects 

ADSamplea* Temporal« Spalial 

Sampfe' 

re Point Concentrations for Rabbits ai Siudy Ares !7 - P.-'speiian! Shipping Area 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Frequency 

ofDeteclion' 

33% 

67% 

100% 

100% 

100% 

100% 

100% 

100% 

67% 

100% 

NonDctects 

MinCRL' MaxCRL* 

0.20 U.2u 

O.IOO O.IOO 

1.6 16 

Deteas 

Minimum 

0.33 

012 

38 

| l 
9.4 

242 

3.440 

314 

0.095 

0.092 

Maximum 

0.33 

0.25 

77 

1.2 

14 

269 

3,740 

515 

013 

l.l 

Aiitfimeik: 

Mean' 

Sundard 

DevUtion' 

--

.. 

--

--

95% UCL of 

DBtiibution' Aridv Mean' 

Undetennined 

Utidetermucd 

Undetcnniicd 

Undeiennined 

(Aidecennined 

Undaermined 

Undetermined 

Undetennined 

UnJelermined 

Exposure 

Poim 

Concentration' 

0.33 

0.25 

77 

1.2 

14 

269 

3.740 

515 

0.13 

I I 

2 x B K 

Mean' 

1.3 

-. 
6.092 

30 

620 

7,600 

994 

Background 

Compaiason* 

Ibk) 

ICEBl 

Ibk) 

(CEBl 

Ibk) 

Ibk) 

Ibk) 

Ibk) 

ICEBJ 

ICEBl 

o 

> 
I 
O 
o 

' For lhe "PfoponxMi of Detects - AB Samples* cohunn, counts were based on die unaveraged d a u s e t 

For the Tropon ion ofDetects - Temporal and Spuial Samples ' and the "Frequency of DctcctkKi" cohmuis, courts were based on the averaged d a u s a (e .g , groundwater umples from the u m e wcO were averaged), 

'CfU. • contract reporting limit 

* Nondetecu were trcaicd as otc-half dte daectkm limit bi die c tkulaikm ofdic site and background (BK) aridimetic means, slandard deviation, and 9 5 % upper confidence limit (UCL). 

'Dbtrrbutkms for die calculation ofexposure poim concentrations (EPCs): I) If ( i ewadun4 u m p k s are available in the site d a u set, IJndetermined" is iiidicaied and the 9 ) % U C L b calculated based on a kj^iorma) distribution. 2) Ifthe normal 

goodncss-of-fit test coefficieni b greata Uian O K critjcal vahie, the dbtrttiutkin a nonnal. 3) If die kignonnal goodneu-of-fit test cocffKieni a p e u c r than die critica) vahic, Uic distributkm b kignormaL 4) I fnc id ia ofdie goodness-of-6t 

test coefficients is p e a i a tfian die cndeal vahie. O K distributkin is assumed to be b v w n n a i . 

' The EPC is the 9 S % UCL ofthe arithmetic mean with 2 exceptkm: if the 9 5 % UCL exceeds the maximum detected value (denoted by a "fT next to die EPC) or d c site d a u s a conuirs fewa dian 4 samples, the maximum detected value is ^ubstnited MS tlw EPC 

' C E B (chemical exceeding background)- thc inaximum detected result is p e a t a than or cQual lo two titnes thc background mean; bk (background) - thc maximum detected nsul l is less thui two ttmes the backgnxmd mean; ANOVA - analysis of vihance 

determirKs thai die site and background d a u sets come from the same popuhtioa 

• - Not applicable (tiote: backgroiind comparison not condiKted fbr organic oontpounds) 
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Results of Field Investigations 
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Results of Field Investigations 

Maximum Concentrations (pg/g) I 

Analyte 

4-Methvl Phenol 

Benzoic Acid 
B2EHP 

Study Area 
8 

0.101 
0.086 
0.15 

Study Area 
10 

0.37 
0.15 

Study Area 
16 

0.52 

Study Area 
17 

0.13 
1.09 

Selenium was detected in one rabbit sample from Study Area 8 and one from Study Area 
16. The selenium concentrations were 0.16 and 0.15 |ig/g, respectively. 

Elevated metals in rabbit samples from Study Areas 8 and 16 may be related to relatively 
higher concenfrations of some metals in the surface soils at these study areas. Copper 
concentrations were elevated at both study areas. Arsenic and nickel concentrations in Study Area 
8 surface soils also were high relative to background and other study areas. Selenium and silver 
were not detected in the surface soils at either study area. 

Explostyes—Explosiv(is were not detected in any ofthe rabbit samples. 

SVOCs—Three SVOCs were 
detected at low concenfrations (pre
dominantly ne;jr or below the CRL) in 
rabbit tissue, as shown in the adjacent 
box. These: SVOCs also were 
detected in lhe crayfish and fish 
samples. 4-Methyl phenol was detected in only one rabbit sample collected from Study Area 8 at a 
concentration (0.101 Mg/g) below the CRL of 0.33 Mg/g. B2EHP was detected in 10 rabbit samples 
at concentrations ranging from 0.086 to 1.09 \igjg, with only one value exceeding the CRL of 
0.33 |ig/g. Tlie highest conc(intration of B2EHP was detected in a rabbit sample collected from 
Study Area 17. Benzoic acid was detected in 6 of the 11 rabbit samples, with concentrations 
ranging from 0.086 to 0.52 |i{>/g. All concentrations were below the CRL of 1.6 ng/g for benzoic 
acid. The highest concentration of benzoic acid was detected in a rabbit sample collected from 
Study Area 16. 

Pesticides/PCBs—Pesticides and PCBs were not detected in any ofthe rabbit samples. 

Simimary—Seven m<itals exceeded background in Study Area 16 rabbit samples. Four 
metals exceeded background iin Study Area 8 rabbit samples, and two metals exceeded background 
in Study Area 10 and 17 rabbit samples. Explosives were not detected in any ofthe rabbit samples 
analyzed. Three SVOCs wers detected in rabbit samples collected from the study areas, with only 
B2EHP detected at a concentration above the CRL. 

4.8.6 Summary of Biota Resulte 

Explosives were not detected in any ofthe tissue samples from crayfish, fish, fish fillets, or 
rabbits collected from ALA\P. Low concentrations (primarily near or below the CRLs) of a 
number of S^/OCs (e.g., B2EHP, 4-methyl phenol, phenol, and benzoic acid) also were detected in 
tissue samples. The chemicfds detected in biota from background locations and at concentrations 
exceeding background from study areas are shown in Table 4-116. 
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B- Table 4-116. Chemicals Exceeding BackgrountJ in Biota 

Alabama Army Ammunition Plant, Childersburg, Alabama 

o 

o 

> 
c 

OQ c 

KJ 
O 
o 

Chemicals' 

Metab 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Caicium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Vanadium 

Zinc 

Study 

Area 
2 ! 

FUh 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•̂  

Study Area 26 

Crayfish 

• 

• 

• 

• 

V 

• 

• 

• 

• 

• 

• 

• 

• 

Fish 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Fish 
Fillet 

• 

• 

• 

Study Area 27 

Crayfish 

• 

• 

• 

• 

• 

• 

V 

^ 

• 

• 

Fish 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Fish 

FiUet 

• 

• 

• 

• 

• 

• 

• 

• 

Talladega Creek Tr ibuury 

Crayfish 

• 

• 

• 

• 

y 

Fish 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Fish 

Fillet 

• 

• 

Background'' 

Crayfish 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Fish 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Fish 

Fillet 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Study 

Area 
8 

Study 

Area 
10 

Study 
Area 

16 

Study 
Area 

17 
Background" 

• 
Rabbits 

• 

• 

• 

^ • 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

- • 

• 

• 

• 

• 

• 

• . 

, • 

• 

• 

• 

• 

• 

a A ' ' in the table indicates that die chemical exceeded background (for metals) or was detected (for organics) 

b Chenucals that were present in biota fiom background locations 
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Table 4-118. Chemicals Exceeding Background in Biota 
Aiabama Army Ammunition Plant Childersburg, Alabama (Continued) 

SVOCs 

2-methylnaphUialene 

4-methyl phenol 

Ben7X)ic acid 

Benzyl alcohol 

B2EHP 

Naphthalene/ 
tar camphor 

Pheiiol/uubulic acid/ 

hydroxybenzene 

PCBs 

Aroclor-1254 

Pesticide 

4,4-DDE 

4,4-DDT 

Aldrin 

Beta-BHC 

Endrin aldehyde 

Heptachlor 

Heptachlor epoxide 

Lindane 

Study 

Area 
21 

Fish 

• 

• 

• 

• 

• 

• 

Study Area 26 

Crayfish 

• 

• 

• 

• 

Fish 

• 

V 

• ' 

• 

• 

• 

• 

• 

Fish 

Fillet 

.. 

Study Area 27 

Crayfish 

• 

• 

Fish 

• 

• 

• ' 

• 

• 

• 

Fish 
Fillet 

v' 

Talladega Creek Tributary 

Crayfish 

• 

" 

Fish 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Fish 

Fillei 

• 

• 

• 

Background'' 

Crayfish Fish 

• 

• 

• 

• 

• 

• . 

• 

• 

Fish 

Fillet 

• 

• 

Study Study 

Area Area 

S SO 

Study 

Area 
l U 

Study 

Area 
17 

Background'' 

Rabbits 

• 

• 

• 

• 

• 

• 

._ 

• 

• 

_ 

a A "^in the table indicates that the chemical exceeded background (for metals) or was detected (for organics) 

b Chemicals that were present in biota from background locations 
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Results of Field Investigations 

Fourteen metals were detected in crayfish at concentrations exceeding background. The 
highest concenfrations of metals were detected in crayfish from the lower end of the Crossover 
Ditch (Study Area 26) near the westem edge of the installation. Four SVOCs were detected in 
crayfish, and the highest concenfrations ofthese SVOCs also were detected in the Crossover Ditch. 

Eighteen metals were identified as CEBs in fish samples. Fish collected from the Red 
Water Ditch (Study Area 21) contained the highest concentrations offive ofthe CEB metals. The 
Crossover Ditch fish samples contained the highest concentrations of four of these metals, as did 
the samples from the Talladega Creek tributary. There were five CEB metals detected at maximum 
concentrations in fish collected from the Beaver Pond Drainage System (Study Area 27). 

Seven SVOCs were detected in fish. Ofthese, three (4-methyl phenol, B2EHP, and benzoic 
acid) also were detected in the fish collected at background locations. Aroclor-1254 was detected 
only at Study Area 21 in three ofthe five fish samples analyzed. Eight pesticides were detected in 
the fish tissue samples. Five pesticides also were detected in background fish tissues. 

Ten metals were identified at concentrations that exceeded background in fish fillets. Eight 
metals exceeded background in fillet samples from the Beaver Pond Drainage System 
(Study Area 27), while only three and two metals exceeded background at the Crossover Ditch and 
TaUadega Creek tributary, respectively. Only one SVOC, 4-methyl phenol, was detected at a 
concentration above the CRL in a fish fillet from the Talladega Creek tributary. PCBs, pesticides, 
and explosives were not detected in fish fillet samples. One pesticide, 4-4'-DDE (0.0043 |ag/g) and 
one SVOC, B2EHP (0.162 to 0.304 ^g/g) were detected in the background fish fillets. 

Eight metals were detected at concentrations exceeding background in rabbit samples. 
Copper was detected in rabbit samples from all four locations, and arsenic was detected in samples 
from three locations. All other CEB metals were detected as CEBs m samples from only one or 
two study areas. B2EHP was the only SVOC detected in rabbit tissue at a concentration above the 
CRL. Explosives, pesticides, and PCBs were not detected in any of the rabbit samples. Metals 
were detected in background rabbit tissue samples. 
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5. CHEMICAL FATE AND TRANSPORT 

The ]}hysica] and chemical properties ofthe detected chemical constituents in environmental 
media underlying the AJabama Army Ammunition Plant (ALAAP) facility are described below. 
Potential mij?ration pathways and mechanisms for the transformation and transport of the chemical 
substances in the natural environment are summarized within the framework of a conceptual site 
model (CSM). The rate of chemical migration through soil and groundwater to potentiaJ receptor 
locations is estimated bas(jd on the concenfration and chemical properties of the detected 
constituents and the physical properties ofthe site and the imderlying aquifer. 

5.1 CONCEPTUAL SITE MODEL 

A CSM is a statement of known or expected site conditions that serve as a framework within 
which an investigation is developed and against which new data can be compared and interpreted. 
The predictive function ofthe CSM, of primary importance to chemical fate and fransport anaJyses, 
reJies on known information and infonned assumptions about the site. A CSM for ALAAP is 
shown in Fij^re 5-1 and includes the following components: 

• InfUtration and Surface Runoff—The potential for contaminant transport begins with 
precipitation. Thie degree to which the processes of infilfration and runoff occur across 
ALAAP is variable arid dependent on the density of vegetation and soil hydraulic 
conductivity. Because of dense vegetation on ALAAP, the amount of infiltration is 
expected to be high because of extensive rooting activity, which creates vertical 
pathways. Approximately 19 percent of the average annual precipitation, or an 
annualized average of 530,000 gpd/mi^, is estimated to infiltrate to groundwater at 
ALAAP. In arejis where vegetation is less dense or absent (e.g., along unpaved roads, 
ditches, and portiions of clear cut areas), die amount of surface runoff is expected to be 
high. Approximately 28 percent of the average annual precipitation at the site is 
estimated as surface runoff. 

• Evapotranspiration—A percentage of infilfrated water does not recharge to 
gj"oundwater and. is lost from the subsurface via evapofranspiration. The amount of 
evapofranspiration loss is variable and depends on the extent and type of vegetative 
cover and the ambient air temperature. Based on site conditions at ALAAP, a large 
piercentage (53 percent) of the average annued precipitation is estimated to be lost to 
evapotranspiration. 

• Surface Flow—^̂ Surface water flow on ALAAP occurs through intermittently flov^dng, 
man-made and natural drainage channels on the facility. Because flow in the sfreams is 
ephemeral and (X)nimonly low, surface water hydrographs are not available. Ponds 
developed on A1.AAP are the result of interrupted flow (dam constiTiction by beavers) in 
the surface sfreams. The Beaver Ponds were not observed to significantly recharge in 
the absence of precipitation or spring flow. 
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Chemical Fate and Transport^ ̂ .̂ , 

• Subsurface Flow System—^Water that is not lost to evapoti-anspfration or surface runoff 
infiltrates into tlie subsurface flow regime. The groundwater system includes the 
partially saturateid vadose zone and the saturated zone below the water table. Soils 
underlying ALA/VP consist of silty and clayey residuum with thickness ranging between 
approximately 5 jmd 121 feet. The bedrock underlying the site consists of limestone and 
dolomite with an undulating surface that reflects variable weathering at the site and 
slopes from east to west toward the Coosa River. Typical of karst aquifers, many voids 
occur in the residuum and the bedrock that range from 1 to 40 feet in vertical extent. 
Eiecause of the confrast in hydraulic conductivity between the soil and rock, the 
soil^ed^ock interface underlying the site area is variably saturated, even above the water 
table, and provides an enhanced pathway for groundwater movement at the site. 
Preferential groundwater flow pathways have developed in the karst aquifer and 
potentially captuire a large proportion of the groundwater flow. Overall, groundwater 
flow beneatii ALAAP is predominantiy to the northwest toward the Coosa River with 
discharge to surface water drainage in Area B, particularly in the vicinity ofthe Beaver 
Ponds and the Crossover Ditch. A groundwater divide coincident with a topograpJiic 
(iuid bedrock) ridge occurs in the eastem portion of Area B. 

5.1.1 Release Mechanisms 

PotentiaJ reJease mechanisms at ALAAP include precipitation infilfration with leaching to 
groundwater, surface runoff, and gaseous or airbome particulate emission. Precipitation that does 
not leave the; site as surface runoff or evapofranspfration infiltrates into the subsurface. The rate of 
percolation is controlled by soil cover, ground slope, saturated conductivity of the soil, and the 
presence of macropores in th.e variably saturated residuum. Water infiltrating through contaminated 
surface and subsurface soil may take soluble chemicals into solution with transport to the 
underlying gp-oundwater. Factors that affect the leaching rate include the chemical concentration, 
chemical solubility, soil/water partition coefficient (K<i), pH conditions, and volume of infilfration. 
The organic compounds detected at ALAAP are generally soluble in the natural environment, and 
therefore, sorption processes, govemed by the IQ value, will have the greatest effect on leaching. 
Those contaminants with small Kd values will be leached more effectively than those with larger Kj 
values. The presence of acidic precipitation and humic or fiilvic acids in the variably saturated zone 
may act to enhance the leacldng of soluble chemicals in the soil. 

Contaminants that aie adsorbed onto surface soils can be released by desorption into surface 
runoff or may be enfrained with particulate matter by soil erosion during a rainstorm. Significant 
surface runoff and erosion at ALAAP v»ill be limited to those areas that are more sparsely vegetated. 
Specific areas or features ai: ALAAP where surface runoff and erosion may be significant include 
previous cut and fill areas thiat were produced as a result of remediation activities tiiat have occurred 
during the past several yeani. These areas include Study Areas 16,19,21, and 22. 

Organic compounds with high vapor pressures in surface soil are released through 
volatilization. The rate of emission is controlled by the combined vapor pressure of the organic 
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Chemical Fate and Transport 

compounds and decreases rapidly over a short period of time as the volatiles are depleted. Volatile 
organic compounds (VOCs) in the subsurface soils -are emitted to the atmosphere via vertical 
diffusion through soil pores. Depending on subsurface concentratiori, chemical volatility, and the 
extent to which diffusion has occurred, gaseous emissions from subsurface soils may be significant. 
However, based on the low detected concentrations of VOCs in the ALAAP soils, volatilization is 
not expected to be an important transport mechanism at the site. 

Particulate matter from contaminated surface soil can become airbome as a result of wind 
erosion. This process is controlled by vegetative cover, wind speed, moisture, and other fluids in 
the surface soils. Because the majority of the area at ALAAP is vegetated, the potential for wind 
erosion is minimal under current conditions. A larger potential for dust generation occurred during 
previous site remediation or construction activities. 

5.2 PHYSICAL AND CHEMICAL PROPERTIES 

The migration of chemical constituents through the subsurface soils and groundwater is 
govemed by the physical and chemical properties of the detected chemicals and the subsurface 
media through which the chemicals are fransferred. hi a general way, cheniical constituents and 
structures with similar physical and chemical characteristics will show similar pattems of 
fransformation, transport, or attenuation in the environment. Solubility, vapor pressure data, 
chemical partition coefficients, degradation rates, and Heniy's Law activity provide information that 
can be used to evaluate contaminant rnobility in the envfronment. Partition coefficients are used to 
assess the relative affinities of compounds for solution or solid phase adsorption.- However, the 
synergistic effects of multiple migrating compounds and the complexity of soil/water interactions, 
including pH and oxidation-reduction potential (Eh), grain size, and clay mineral variability, are 
typically unknown. In a similar manner, the characteristics of the physical envfronment through 
which vapor and fluid fransport are occurring is known in only a discretized detail with inferences 
between known data point locations. The relevance of the physical and chemical properties 
affecting chemical migration is discussed below. 

5.2.1 Aquifer Properties 

The aquifer underlying ALAAP consists of fine-grained silt and clay residuum derived fix)m 
the in situ weathering of carbonate bedrock. Relict structures, including bedding, joints, fi-actures, 
and subsurface voids, are variably retained in the developed residuum. The physical properties of 
the aquifer control the ability of dissolved chemical constituents to migrate in the subsurface. 
Saturated horizontal hydraulic conductivity values obtained from aquifer (slug) testing on ALAAP 
are lognormally distributed with a geometric mean of 3.62 x 10^ cm/sec (1.03 feet/day) and a range 
between 1.472 x 10"̂  cm/sec (0.004 feet/day) and 7.6 x 10'' cm/sec (2.154 feet/day). The observed 
variability in the residuimi measured at the site is directiy related to the geological structures, 
lithology, and the presence of discontinuities (i.e., fi^ctures, voids, and joints) inherent in the karst 
geology. Based on the average flow conditionis across Area B, the average groimdwater velocity is 
calculated as 0.014 feet/day; however, higher flow rates, possibly exceeding 30 feet/day, would be 
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associated with Jiigher hydraulic conductivity pathways. Aquifer porosity at the site may vary from 
0.1 for slightly fractured bediock to 1.0 in unfilled, interconnected void space. The geometric mean 
hydraulic conductivity (1.092 x 10""' cm/sec) measured in wells screened in bedrock was 
approximately three times th(; mean in the residuum. 

5.2.2 Chemical Properties 

The physical properties ofthe chemical constituents tiiat were detected in the envfronmental 
media at ALAAP are summiirized in Table 5-1. The properties are used to assess the anticipated 
behavior of each compound under envfronmental conditions. 

The water solubility of a compound is a measure of the saturated concenfration of the 
compound in water at a given temperature and pressure. The tendency for a compound to be 
transported by groundwater is dfrectiy related to its solubility and inversely related to both its 
tendency to adsorb to soil and to volatilize from water (OGE 1988). Compounds with high water 
solubilities ttmd to desorb fix:)m soils and sediments, are less likely to volatilize fiom water, and are 
susceptible to biodegradation. The water solubility ofa compound varies with temperature, pH, and 
the presence of other dissolv<^ constituents (including organic carbon and humic acids). 

The octanol-water ])artition coefficient (KOH) is a laboratory-determined ratio of the 
concenfration of a chemical in the n-octanol phase ofa two-phase system to the concentration in the 
water phase. The octanol-v/ater partition coefficient can be used to estimate the tendency for a 
chemical to partition between environmental phases of different polarity. Compounds with log Kow 
values less tiian 1 are highly hydrophilic, while compoimds with log K<,K. values greater than 4 will 
partition to soil particles (Lyman et al. 1982). 

The soil adsorption coefficient (Koc) is a measure ofthe tendency ofa compound to partition 
between soil and water. The Koc is defined as the ratio ofthe adsorbed compound per unit weight of 
organic carbon to the aqueous solute concenfration. This coefficient can be used to estimate the 
degree to which a compound will adsorb to soil and thus not migrate with groundwater. The higher 
the Koc value, the greater the tendency ofthe compound to partition into soil (OGE 1988). The K<j is 
calculated from the Koc coefficient by multiplying the Koc value by the fiaction of organic carbon in 
the soil. 

Vapor pressure is a measure of the pressure at which a compound and its vapor are in 
equilibrium. The value can be used to determine the extent to which a compound would travel in 
air, as well i\s the rate of volatilization from soils and solution (OGE 1988). In general, compounds 
with vapor pressures lower than 10'̂  mm Hg will not be present in the ataiosphere or soil afr in 
significant Jimounts, while compounds with vapor pressures higher than 10" mmHg will exist 
primarily iri tiie air (Dragim 1988). As Table 5-1 shows, VOCs will exist primarily in tiie 
atinosphere and soil afr, while pesticides and other semivolatile organic compounds (SVOCs) will 
exist in both the air and the soil. 
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Table S-l. Physical and Chemical Properties of Organic Constituents Detected in Soil/Groundwater 

Alabama Army Ammunition Plant, Childersburg, Alabama 
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The Henry's Law constant value (KH) for a compound is a measure of the ratio of the 
compound's vapor pressure to its aqueous solubility. The KH value can be used to make general 
predictions about the compound's tendency to volatilize from water. Substances with KH values 
less than 10" atm»m /mol generally will volatilize slowly, while compounds with KH values greater 
than 10'̂  atai»mVmol will volatilize rapidly (Lyman et al. 1982). 

Organic chemicals with differing chemical structures will biodegrade at different rates. 
Primary biodegradation consists of any biologically induced structural change in an organic 
chemical, while complete biodegradation is tiie biologically mediated degradation of an organic 
compound into carbon dioxide, water, oxygen, and other metabolic inorganic products 
(Dragun 1988). The biodegradation rate ofan organic cheniical is proportional to the concenfration: 

-AC/A/ = kC 

Where: 

C = Concentration 
k = Biodegradation rate constant = (2.303/t) log (a/[a-x]) 
t = Time 
a = Initial concentration 
n = Reaction order. 

The half-Hfe (ti/2 = 0.693/k) is the time necessary for half of the chemical concentration to 
react. The biodegradation rate of an organic chemical generally is dependent on the presence and 
population size of soil microorganisms capable of degrading the chemical. 

5.3 ENVIRONMENTAL FATE 

Inorganic and organic constituents in soil, sediment, and groundwater are in continuous 
chemical and physical interaction with ambient surface and subsurface environmental conditions. 
The observ*^ distributions of chemical concenfrations in the envfronment are affected by these 
interactions and determine the chemical fate of tiiese materials in the various media. Chemicals 
released into the envfronment are susceptible to several degradation pathways, including hydrolysis, 
oxidation, reduction, isomerization, photolysis, photo-oxidation, biofransformation, and 
biodegradation. Transformation products resulting from tiiese processes will behave distinctively in 
the enviromnent. 

5.3.1 Metals 

hiorganic constituents detected in soil and sediment samples at ALAAP are associated witii 
both the aqueous phase (unbound pore water) and leachable metal ions on soil particles. The 
fransport of tiiese materials fix)m unsaturated soils to tiie underlying groundwater is confrolled by 
die physical processes of precipitation infiltiation, chemical interaction witii the soil, and downward 
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transport of removed metal ions by continued infilfration. The additional physical mechanism of 
erosive fransport is important for surface soil and sediment dispersal. The chemistry of inorganic 
interaction witii percolating precipitation and varying soil conditions is complex and includes 
numerous chemical fransformations that may result in altered oxidation states, ion exchange, 
adsorption, precipitation, or complexation. The chemical reactions, • which are affected by 
envfronmental conditions including pH, oxidation/reduction conditions, and the type and amount of 
organic matter, clay, iand the presence of hydrous oxides, may act to enhance of reduce the mobility 
and toxicity of the metal ions. In general, these reactions are reversible and add to the variability 
commonly observed in inorganics distributions in soil and sediment. ' 

Inorganic chemical form impacts the solubility and mobility in the envfronment; however, 
chemical speciation is complex and difficult to delineate in routine laboratory analysis. Metals in 
soil and sediment commonly are found in several forms (Shuman 1991), including: 

• Dissolved concenfrations in soil pore water 
• Metal ions occupying exchange sites on inorganic soil constituents 
• Specifically adsorbed metal ions on inorganic soil constituents 
• Metal ions associated with insoluble organic matter 
• Precipitated inorganic compounds as pure or mixed solids 
• Metal ions present in the structure of primary or secondary minerals. 

In situations where metal ions have been infroduced to the environment by human activities, 
they are attributed to non-mineralogic occurrences. The dissolved (aqueous) fiaction and its 
equilibrium fraction are of primary importance when considering the migration potential of metals 
associated with soil and sediment. Of the inorganic compounds that are likely to form, chlorides, 
nifrates, and nitrites are commonly the most soluble. Sulfate, carbonate, and hydroxides generally 
have low to moderate solubility. Soluble compounds are fransported in aqueous form subject to 
attenuation, whereas less soluble compounds remain as a precipitate and liniit the overall dissolution 
ofthe metal ions. The solubility ofthe metal ions also is regulated by ambient chemical conditions, 
including pH and oxidation/reduction. 

As a first approximation, the attenuation of metal ions in the envfronment can be estimated 
numerically using the retardation factor (Rd). The extent to which the velocity ofthe contaminant is 
slowed is largely derived from the K<i and is expressed by the following relation: 

R, =̂  I + K, * p , / e 

Where: 

Pb = Soil bulk density (g/cm^) 
0 = Soil moisture content 
K<j = Soil/water partition coefficient. 

V. 
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Table 5-2 provides a range of K.<j values for metal ions concentrations in various soil types. 
Because of variability in the media and in the methods of measurement, the reported K<i values for 
metal ions vary over orders ofmagnitude and may similarly vary between samples. The use ofthe 
Kd approach for estimating metal ion fransport does not take into account the processes of soil 
diffusion, precipitation, dissolution, and complexation and, as a result, provides only an initial 
estimate of envfronmental fate. Metals concentrations may be biofransformed or bioconcentrated 
through microbial activity. 

5.3.2 Organic Compounds 

The predominant organic chemical compounds detected in the ALAAP soils include 
explosives-related compounds and SVOCs. These compounds may be fransformed or degraded in 
tiie enviromnent by various processes, including hydrolysis, oxidation/reduction, photolysis, 
volatilization, biodegradation, or biofransformation. The half-life (time requfred to naturally reduce 
chemical concentration by one-half) of organic compounds in various media can vary from minutes 
to years depending on enviironmental conditions and the chemical structures of the compounds. 
Organic degradation may either enhance (through the production of more toxic byproducts) or 
reduce (through concenfration reduction) the toxicity of a chemical in the envfronment. 
Biodegradation rates (Ho\yard et al. 1991) for the compounds of concem at ALAAP are provided in 
Table 5-1. 

5.3.2.1 Explosives-related Compounds 

Explosives-related (nifroaromatic) compounds detected at ALAAP include 
2,4,6-tiinifrotoluene (TNT), 2,4-dinitix)toluene (2,4-DNT), 2,6-dinifrotoluene (2,6-DNT), 
1,3,5-trinifrobenzene (1,3,5-TNB), 1,3-dinitrobeiizene (1,3-DNB), and o-nitrotoluene. A major 
source for the release of munitions-related compounds to the envfronment is through the discharge 
of waste sfreams generated during manufacturing. The concenfrations of these compounds in the 
wastewaters can vary widely depending on the intensity of manufacturing and the availability and 
efficiency of freatment systems (Burrows et al. 1989). Numerous nitroaromatic byproducts are 
formed during tiie manufactiire of TNT that enter tiie effluents as plant cleanup and scrubber wastes, 
and as condensates from the evaporative concentration of "red waters" or selliting wastes. Soil or 
sediment contamination by munitions-related compounds occurs from open-burning, operational 
spills or burials, and seepage from landfills and wastewater holding areas. 

Mia-obiological and photochemical transformations are tiie two processes affecting the fate 
and distribution of munitions-related constituents in the environment. The additional cheniical 
processes of oxidation/reduction and hydrolysis have not been observed to be important 
transformation mechanisms under envfronmental conditions, witii tiie possible exception of tiie slow 
hydrolysis of tetiyl. Based on tiie results of cultiire smdies involving tiie removal of TNT by 
activated sludge microorganisms, TNT has been concluded to undergo biotiansformation but not 
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Table 5-2. Summary of Soil/Water Partitioning Coefficients (K^) 

for.Inorganic Chemical Constituents 

Alabama Army Ammunition Plant, Childersburg, Alabama 
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biodegradation (Burrows et £il. 1989). Photochemical transformations resulting from the effects of 
sunlight on explosives compounds are regarded as more important tiian microbiologica] 
transformations because of faster transformation rates. 

TNT is readily biofransformed in the envfronment to amino, diamino, and azoxy compounds 
(Walsh 1990). It has been found (Funk et al. 1993) that the anaerobic metaboUsm occurs in two 
stages. The first stage is the reductive stage in which TNT is reduced to its amino derivatives, hi 
the second stage, degradation to nonaromatic products begins after the reduction of tiie third nitro 
group. The biofransformation pathway for TNT in simulated composting systems proposed by 
Kaplan and FLaplan (1982a) is shown in Figure 5-2. 

The biofransformation of 2,4-DNT has been studied systematically in laboratory cell 
cultures. The pathway proposed for tiiis biotransformation is shown in Figure 5-3. The reduction 
products include the amino and azoxy derivatives as observed with TNT biotransformation. As 
witii TNT jmd DNT, the principal mode of microbial transformation of the nitroaromatic 
compounds TNB and DNB is reduction of nitro groups to form amino groups. 

5.4 CHEMICAL SOURCES, TRANSPORT, AND POTENTIAL RECEPTORS 

Chemical fransport from the affected media from soil and groundwater in ALAAP - Area B 
is estimated using analytical modeling to evaluate the potential for constituent migration to 
groundwater and to estimate concentrations at the locations of potential receptors. 

5.4.1 Chemical Sources 

Sources of environmental contamination on ALAAP occur within several study areas as 
discrete areas of elevated explosives and metals concentrations in surface and subsurface soils. 
Groundwatei- contaniination by explosives, metals, and SVOCs generally extends beyond study area 
boundaries as a broad area of elevated explosives and lead concenfrations occurring approximately 
between Study Areas 6, 18, imd 20. Localized areas of elevated explosives and lead concentrations 
in groundwater are associatfid with isolated wells or well clusters near Study Areas 2, 8, and 10. 
The precise sources of these observed concentrations are not known; however, the nature of the 
chemicals indicates that multiple source areas are present on ALAAP. 

5.4.2 Potential Receptcrs 

The entfrety of Area B on ALAAP is inactive and is overseen by a caretaker who is 
responsible for confrolling access to tiie facility. Areas adjacent to Area B include a paper 
manufacturing facility occupying former ALAAP property to the south of Area B, and Area A, 
which is a privately owned game preserve that also occupies former ALAAP property. Popuiation 
centers in immediate proximity to ALAAP occur approximately 1 mile north of the ALAAP 
boundary (town of Lanieni), approximately 0.5 to 2 miles southeast of tiie Flashing Ground 
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(Smdy Area 16) and tiie Lead Facility (Study Area 19) (town of Kymulga), and 1.5 to 2.25 miles 
from the southem ALAAP boundary. A total of 140 residences or structures were identified within 
an 18-square mile area adjacent to tiie ALAAP boundary (ESE 1986). Six private, municipal, or 
industrial groundwater wells were identified within approximately 0.25 to 2 miles of the present 
ALAAP boundary (ESE 1993). 

Potential receptors of chemical releases fix)m ALAAP include domestic, municipal, or 
industrial wells, springs, and cisterns located hydraulically downgradient (west/northwest) from 
ALAAP. Influent surface water bodies, including streams, ponds, lakes, and rivers, also are 
potential receptors of contaminated groundwater. The Coosa River receives groundwater discharge 
from ALAAP along the reaches ofthe river that are adjacent to the facility boundary. Surface water 
intakes drawing water from the Coosa River potentially may obtain surface water that has mixed 
with (and significantly diluted) discharging groundwater from ALAAP. 

5.4.3 Analytical Modeling Procedures 

Analytical models were used to evaluate the potential for inorganic and organic chemical 
constituents to leach from site soils to groundwater and for transport by groundwater. The inherent 
problems associated with modeling the leaching of chemical constituents from site soils must be 

recognized. The equilibrium distribution coefficient (K<i) values that primarily govern the partition 
between the liquid and solid phases are highly sensitive to changes in the physical composition and 
major chemistry of these phases. Projected organic concentrations in the aquifer are highly 
uncertain because ofthe lack of site-specific data for constituent decay in the vadose zone. Use of 
literature values may either over- or underestimate the concentrations of constituents in the aquifer. 

Along with the uncertainty in the estimation of the partitioning parameters, several other 
factors could contribute to the discrepancy between the chemical concentrations measured in the 
field and the values predicted by a model. First is the inability ofthe model to account realistically 
for the initial areal distribution of the chemicals in the soil. Second, existing groundwater 
contamination at the site is the result of years of residual leaching. Soil concenfration data are not 
available for these pre-existing conditions. Therefore, it is unlikely that groundwater concentrations 
currently observed can be attributed solely to presentiy observed soil concentrations. 

Soil leaching estimates were made using tiie Summers (Summers et al. 1980) analytical 
transport model evaluated over a range of K<j values and areas of contamination and using average 
aquifer properties. The model equation uses a mass balance approach to estimate the chemicd 
concentration that would be expected in groundwater based on leaching of constituents fix>m the soil 
matrix. The concentration of a chemical in groundwater is a fimction of the amount of chemical 
infilfrating through a theoretical soil colunm of negligible thickness to the aquifer and the initial 
chemical concenfration in the aquifer. The chemical concentration also is detennined by the volume 
of water into which the leachate is dissolved. The Summers model incorporates the physical and 
chemical characteristics of the contaminants and the characteristics of the receiving aquifer to 
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simulate contaminant migration. The equation conservatively, disregards biodegradation, 
volatilization, and vadose trajiisport phenomena. 

The cjquation for the Ibummers analytical model is: 

(Qj(Cp) + {QJ(CJ 

^ ^ Q . ^ Q p 

J J 

Whei-e: 

Cgw = Projected ajntaminant concentration in the groundwater (mg/L) 
Qp = Volumetric flow rate of percolating rainwater into the aquifer (ftVday) 
Qp = qp >< Ap, where: 

qp = Vertical percolation in downward dfrection (ft/day) 
Ap = Horizontal area of contaniination (ft̂ ) 

Cp = Concentrations of pollutant in the infiltrating water at the unsaturated-saturated 
zone interfrice (mg/L) 

Cp = Cs /K<j, whCTc: 
Kd = Soil, adsorption coefficient 
Cs = Soil; exposure concentration (mg/kg) 

Qa = Volumetric flow rate of groundwater (ft^/day), where: 
Qa = K X i X h X w, where: 

K = Saturated hydraulic conductivity (ft/day) 
h = Aquifer mixing zone thickness (ft) 
w = Width of contaniinated area perpendicular to flow dfrection in 

aquifer (ft) 
i = Horizontal hydraulic gradient (ft/ft) 

Ca = Initial or background concentration ofthe chemical in the aquifer (mg/L). 

Assuming the background concentration of the contaminants in groundwater to be negligible, 
(i.e., Ca is assumed to be zero), the equations presented above were rearranged to solve for the 
groundwatei- concentration, as follows: 

^ Cs/K,)(Q^) 

^"" Qp + Qa 

Ass(»sment of tiie groundwater transport of site-related contamination toward potential 
receptor lociations was conducted by evaluating a one-dimensional solute transport equation 
(van Genuchten and Alves :I982 after Ogata and Banks 1961) using site-specific aquifer properties. 
The one-dfriensional convective-dispersive solute transport equation is: 

c(x,t) = (co-cJ*A(x.t) 

Final RI Report 5-15 August 2001 



Chemical Fate andTransport 

Where: 

A(x. t) = 0.5erfc[Rx -vt / 2* (DRt)" '] + 0.5 exp^vx / D) * erfcfRx -^vt /2* (DRt)'" ] 

A(x,t) = Transport factor 
R = Retardation coefficient 
X = Distance from source (ft) 
D = Dispersion coefficient 
V = Groundwater velocity (ft/day) 
t = Time 
Ci = Pulse concentration 
Co = Input concenfration 
erfc = Complementary error fimction 
exp = Exponential fimction. 

The analytical model assumes a continuous pulse source and does not incorporate source or 
chemical decay associated with biodegradation or volatilization. 

5.4.4 Results of Transport Estimates 

The rearranged Summers equation was evaluated over a range of Kj values between 0.1 and 
10,000 mL/g with areas of contamination between 100 and 1 x 10̂  ft^. These values encompass the 
range of values associated with the chemical constituents identified in the ALAAP soils and the 
estimates ofthe contaminated areas. The input soil concenfration was 1 mg/kg so that all estimated 
groundwater concentrations were normalized to 1. The remaining input values (Table 5-3) for the 
model were constants representing the average aquifer conditions. The resulting matrix of 
calculated groundwater values is shown in Table 5-4. The calculated values represent multipliers 
over a variety of chemical partitioning conditions and areas of contamination that would be applied 
to soil concenfrations to estimate the groimdwater concentration. As shown in Table 5-4, conditions 
of low chemical partitioning (K<i=0.01 mL/g) and a large area of soil contamination (10,000,000 ft^) 
produce the highest (9.95) groundwater concenfration multiplier, while the combination of a large 
K<i (=10,000 mL/g) and a small area of contaniination (100 ft^) results in tiie lowest (2.09 x 10"') 
estimated groundwater concentration multiplier. 

5.4.4.1 Groundwater Transport Estimates 

Dissolved constituents will be transported by groundwater at a rate that is consistent with 
subsurface conditions. The ability ofthe aquifer to retard the movement ofthe solutes is described 
by the groundwater velocity and the IQ, which typically varies by orders of magnitude and is 
imprecisely known on a site-specific basis. Similarly, the chemical speciation (particularly for 
metals) also is typically unknown, resulting in fiirther uncertainty in using literature values in 
attenuation calculations. 
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Table 5-3. Parameters Used in Summers Model Transport Calculations 
Alabama Army Ammunition Plant, Childersburg, Alabama 

rarameter symDoi ^eieciea 

Value 

Units Keference 

> 
c 

•8 

Volumetric rate of infilitration Op 

Vertical percolation qp 

Horizontal area orcontaminalion 

Volumetric rate o f groundwater flow 

Hydraulic conductivity of aquifer 

Horizontal hydraulic gradient 

Mix ing zone thickness 

Width o f contamination perpendicular 

to groundwater flow direction 

Soil/water distribution coefficient 

Fraction organic carbon 

Organic carbon partition coefficient K, 

site specific 

0.0041 

Ap 

Os 

Ks 

i 

h 

w 

Kd 

fo. 

K « 

sile specific 

site specific 

49.9 

0.005 

10 

site specific 

chemical specific 

site specific 

chemical specific 

ft'/day Calculated by Op=qp*Ap 

ft/day qp calculated by subtracting runon"(Rr) and 

evapotranspiration (ET) from site precipitation (P) 

qp=P-ET-Rr 

ft Area of individual study areas 

ftVday Os=Ks*i*h*w 

ft/day Calculated AAAP arithmetic average 

ft/ft Calculated AAAP average 

f) Default value 

ft Measured width of each silc assuming groundwater 

flow to northwest towards Coosa River 

L/mg Values for metals from literature; K j for organics 

calculated as Kd=Ko<:*foc 

unitless 95% UCL calculated from analytical measurements 

at AAAP 

L/kg Literature values (sec Table 5-1) 

n 
a-(̂  
3 

•*1 

Sl 

O 
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Tabic 5-4. Results or Soil to Groundwater Leaching Calculations 
Alabama Army Ammunidon Piant, Childersburg, Alabama 

Gheiiiiiciil Soil Concentration (C,.)T iiig/kg 

• ̂ B i ^ i - . i ' C::;-;----:̂ ;-.D":;;::"':":'Ê ^ (niL/g) 

.;;:•; L Projwled G r o u ^ 

: ;: Coiiccniraiion (ug^^ 

'̂  'li-'il\llf:•iii'Ciii.r-'ll.-^ll:'i6 •̂ i.::.-].i i 
Metals 
Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Copper 
Chromium 
Hexavalent Chromium 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadiura 
7,inc 

23.20 

86.70 
1170 
0.08 
3.44 

. 13.20 

66.30 

Volatile Organic Compounds O^OCs) 
Acelone 
2-nutanone 
Chloroethane 
Rthybenzene 
Melhylene Chloride 
Toluene 

Explosives 
l,3-DinilToben7.ene 
2,4-DiDitTotoluene 
2,6-DinitTotolueBe 
1,3,5-TriDitrobenzene 
2,4,6-Trinitrotoluene 
Tetiyl 
2-Amino-4,6-DinitTotoluene 
4-Amino-2,6-DiDitrotolueDe 

4.00 
0.004 

0.0069 
0.0078 

0.05 . 
26100 
0.06 

38300 

231 

19.10 

1800 
1300 
0.17 

16.20 

212 

0.0054 
0.0240 

118.00 

12.20 

0.76 

0.015 
0.0043 
0.0174 

1.43 

0.39 
2.96 

17500 
24.90 
231 
2.60 

172 
66.10 

373 
1850 
0.24 
10.10 
11000 

140 
316 

1 

0.0094 
0.0084 

1.33 

0.16 
0.08 

68.20 

4100 

0.05 

0.0089 
0.0924 

31.90 

76.40 
2.31 
3710 
1210 
1.50 
9.40 

4750 

0.07 

0.00143 

0.0076 
0.0062 

0.51 

0.161 
1.330 

0.0996 
0.0976 

1500 
200 
50 
800 
40 
35 
30 
30 
100 
750 
10 
125 
300 
500 

1300 

0.0020 
0.0733 
0.7830 

8.40 
0.0613 

. 1.69 

1.24 
0.608 
4.51 
0.09 
4.97 
1.89 
2.97 
2.97 

599 

784 
1410 
81 

3440 
13 

1000 
66300 

158000 
55 

8.7 
0.36 

36 
5750000 

11 

97IC 

1760 

. 207 

43 
659 
6 

21 

62 

0.19 
0.31 

1870 

19 

177000 

1.4 

32 

4.7 

I860 

9610 

103 

3810 

3 

4050 

1820 

3070 

2030 

20 

67 

30200 

115 

200 

342000 

1.03 

0.336 

254 

3400 

472 3.82 

36 

990 

3970 

17100 

105 

40 

443 

1410 

42.7 

20600 

895 

83.3 

41.7 

2030 

2490 

LOI 

8.14 

2.42 

95.5 

203 

30.4 

18.6 

18.2 

5 

J? 

a 

a 
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Table 5-4. Results of Soil to Groundwater Leaching Calculations (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

. . : ; : • : ; • : : : • . ; ; i ' i . ; : : . : ; ; : ; : : ; : : ; : : : • ; ; : ; : : ; : ; ; : : . ; ; : : ; ; ; 

;-Chehiical;;-;.::.;.:;:;.;:::;:: i-iiixx̂  
\iii---'---iiiiiiiiiiiiiiiii.i:yii': 

;;:;:;;;:;;;,:;;::::;::::; 

iiiMiliiiii 

Miii^iM 

:.iii:ii-i:î î '̂ \̂ ::-:WWii :::::.;;:;:.;:.:..;::;::..:::::.:::;:.:;:.;; 
;•• ;iSoii :G:on ceb tĵ atijiyii! {Gi.)-:i i n 0 i i i i 1 

--iliiiMi-:i'<Miiii 
SemivolatUe Organic Compounds (SVOCs) 
2-MelbYlnapihalene 
Acenaphlhene 
Acenapthylene 
Anihracene 
Benzo(a)anlhracene 
Bcnzo(a)pyrcnc 
Benzo(b)nuoraDthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoraDthene 
Bis(2-Elhylhexyl)phthalate 
Chrysene 
Dibenzo(a,h)anlhracene 
Dibenzofuran 
Fluoranlhene 
Fluorene 
Heplachlor 
Ideno( 1,2,3-cd)pyrene 
N-Nilrosudipfaenylamiue 
Naphthalene 
PhenanlhreDe 
Pyrene 
Styrene 

0.099 
0.293 
0.289 
0.484 
0.161 

0.132 
0.221 

0.219 

0.092 
0.130 

0.155 
• 0.635 

1.200 0.198 
1.300 0.236 
2.400 0.657 
0.930 0.169 
1.300 0.304 

1.300 0.320 

4.400 0.350 

0.840 0.149 

1.200 
2.100 0.669 

;.:;:::;u:: :::•::::; 

0.256 
1.95 

0.425 
6.380 
19.0 
14.0 
20.0 
10.0 

8.300 
0.112 
19.00 
1.210 
0.642 

60 
1.52 

8.3 
0.23 
0.487 
30.0 
30.9" 

0.002 

iiiiE:i::ii'giii-p.iiiii 

1.140 
4.360 

7.430 
3.620 
4.720 
4240 
194 

20.300 

12.600 
6.890 
2.630 
12.500 
3.830 
• 

51.300 
0.088 
2.690 
61.200 
26.500 

liiiiB 
IWMi 

tmlVg) 

211 
242 
494 
821 
1140 
5690 

22100 
101000 
41200 
8050 
2430 
27200 
384 
1270 
731 
1010 

272000 
18 
68 
838 
902 
61 

•̂ <i\:]ii::.i':i'.'.'iX\ 

iiiiiiiiiii iiiiii: 
: - l? '^ - i i - i : - ; ;A- : ; :;•;;•; 

7.88E-02 
1.62E-02 
6.80E-03 
2.93 E-03 
2.13 E-04 

1.48 E-02 
L22E-02 

2.30E-02 

8.22E-02 
6.39E-05 

1.2IE-01 
9.42E-02 

M-iiU' i l 
: . • ' : • ' " : ! ! ! : • . ! : . 

•::MMW^ 

1.84E-02 
8.49E-03 
4.03E-03 
3.4 IE-04 
1.17E-03 

1.99E-02 

1.28E-01 

1.15E-04 

2.60E-0I 
8.65E-02 

Projecteiii ^Groundwater 
: .Gphccntra|i6n:(ug/L) 
';iiiii\iC^:ii 

0.06 
0.03 
0.02 
0.00 
0.01 

0.11 

0.22 

0.0004 

0.59 

: ; • • ; ; : ; • : i ) : ; - : ; • • ; • ; : . ; ; : . : . : £ : • 

0.69 
4.57 
0.709 
4.42 
0.91 
0.29 
O.ll 
0.01 
0.02 
0.01 
0.91 
0.03 
0.95 
5.48 
1.18 

0.0035 
7.28 
4.06 
20.30 
3.98 
0.02 

ii\.il\::\ >••:•:;"•: 

3.00 
9.99 

5.02 
0.17 
0.09 
21.80 
0.22 
0.06 

0.59 
0.14 
3.80 
111 
2.91 

0.02 
2.71 
21.90 
40.50 
3.34 

* Minimum Kd values Ihal were used in calculalions. 
A-Study Areas 2,3,17,18,20. 
B-Study Area 4 
C- Smdy Areas 6,7 
D- Study Areas 8,9 
E- study Area 10 
F-Study Areas 16,19,22 

a 
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Chemical Fate and Transport 

The results of solute transport calculations in the saturated zone indicate that the selected K<i 
value significantiy impacts the downgradient concentration and the migration distance independent 
of the chemical constituent. Attenuated solute transport calculated with a IQ value between 5 and 
100 mL/g indicates maximum chemical movement of 25 to 200 feet from a source location over a 
period of 20 years. This pattem of movement is conti-ary to the observed distribution of explosives 
and lead in groundwater at the site, indicating that the partition coefficients may be excessive for the 
site. 

Unattenuated solute transport (K<i = 0 mL/g) calculations indicate that chemical transport up 
to 750 feet from a source location could occur over a 20-year period under average (geometric) 
groundwater flow (0.02 feet/day) conditions. This distance would be more consistent with the 
observed distribution of cheniical constituents in the aquifer, which extends approximately 
2,400 feet downgradient. The time period for development of the observed distribution of 
explosives and lead in the aquifer is likely to extend from the period following the cessation of 
production activities at ALAAP to the present and would account for the larger observed 
distiibution area. The resuhs of unattenuated solute fransport calculations are shown in Figure 5-4. 

The source of lead concentrations in groundwater at ALAAP is problematic in that 
elemental and mineralogic lead are typically insoluble in water, the speciation of potentially 
lead-bearing compounds is not known, the average groundwater pH is slightiy acidic (6.8 units), 
and the average IQ value for lead is 100 mL/g (Dragun 1988). These conditions are riot conducive 
to the dissolution and transport of lead in the absence ofa highly soluble lead salt or hydroxide or 
the occurrence of more severe pH conditions. Groundwater transport of elevated concerifrations of 
dissolved lead and explosives is significant because of the presence of pathways of enhanced flow 
and proximity to receptors. Equilibrium groundwater chemistry calculations using MINTEQA2 
(EPA 19911) indicate tiiat soluble lead sulfate (PbS04), lead carijonate (PbCOs), or lead bicarbonate 
(PbHCOs) occur as equilibrium solids using cation groundwater concentrations fix)m ALAAP wells 
and anion data for Talladega County (Moser 1988). 

5.4.4.2 Surface Water and Sediment 

Water budget calculations estimate that 28 percent of the armual average precipitation at 
ALAAP occurs as surface runoff fix>m the site. Surface water runoff at ALAAP is not expected to 
be a significant chemical transport mechanism because of the abundant vegetative cover over most 
ofthe soils, the extensive remediation that has occurred in the surface water drainages, particularly 
the Red Water Ditch, and in the vicinity of surface water bodies (i.e.. Study Areas 6 and 7). The 
suspension of fine-grained soil particles may occur during periods of elevated runoff or storm 
events, however, sampling at the site has not detected elevated concentrations of mission-related 
constituents in the soils and sediments that could potentially become entrained at the site. The 
surface water and sediment are not the primary source of contamination in the drainage ditches at 
ALAAP. 
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Chemical Fate and transport 

The analysis of site surface water and sediment data show that, in general, contaminant 
loading into drainage ditches from ALAAP is small to negligible. However, because low-lying 
portions of the drainage system at ALAAP intersect tiie water table, a greater possibility exists for 
the transport of contaminants into tiie drainage system through groundwater discharge with 
subsequent discharge into the Coosa River. Groundwater discharges to surface water, 
predominantly in the vicinity ofthe Beaver Pond drainage area and in swampy areas between Study 
Areas 6, 18, and 20, may potentially result in surface water conditions that locally contain 
unacceptably elevated concentrations of explosive compounds or metals. 

5.4.5 Air 

The air pathway is not an important chemical migration pathway from ALAAP because of 
the overgrown nature of the site and the lack of ongoing activity. However, contaniinants could 
migrate from the site to the air during remedial activities that will disturb the ground surface. 
During periods of turbulent wind conditions, particles of surface materials (e.g., contaminated soil) 
can become resuspended in ambient air and subject to inhalation by onsite and/or offsite human 
receptors. The amount that may be resuspended depends on wind speed and other site conditions, 
such as soil moisture, particle size, and vegetative cover. Resuspended particles then are carried 
downwind to onsite and offsite receptors. Concentrations of these airbome contaminant-bearing 
particles at receptor locations form the basis for assessment ofexposure by the inhalation pathways. 
However, at ALAAP, the majority ofthe area is vegetated; therefore, the potential for wind erosion 
is minimal under current conditions. 

Because comparatively few VOCs have been detected in groundwater or soils at the site and 
the detected concentrations are relatively low, emission of VOCs from contaminated soils via 
diffusion through the pore space in the vadose zone is not regarded as an important fransport 
mechanism at this site. Because the most widely detected chemical constituents are semivolatile 
polycyclic aromatic hydrocarbons (PAHs) compounds and explosives, the expectation for vapor 
emissions from the site soils is low. 

5.5 SUMMARY AND CONCLUSIONS 

Based on site characterization and monitoring data, inofganic (metals) and organic 
compounds, including explosives compounds, were observed in groundwater underlying ALAAP. 
The site-specific contribution of observed contaminant concentrations in soil to observed 
concentrations in groundwater is unknown, although the observed soil concentrations have a 
potential for leaching and migration to groundwater. Offsite migration of groundwater 
contaminants has not been observed, although several isolated contaminated groundwater locations 
are proximal to groundwater discharge points on the Coosa River. 

Organic compoimds that were detected in the site soils include VOCs, SVOCs, and 
explosives compounds. The concentrations of VOCs and SVOCs are low and should not leach to 
the groundwater in significant concentrations. Most ofthese compounds will biodegrade (such as 
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acetone, 2-butanone, and methylene chloride with biodegradation rates greater than 0.005 day"') or 
will remain adsorbed to the soil (such as the PAHs with K<i values greater than 100 mlVg). Based 
on leachate modeling, only TNT, 2,4-DNT, 1,3,5-TNB, and 1,3-DNB would be expected to leach to 
groundwater from existing soil contaniination. Observed VOC iuid SVOC concentrations for 
frequentiy detected (detected in >5 percent of samples), nonlaboratory related compounds from 
sampled groundwater are less than 32 \igfL. A large percentage of the identified explosives 
concentrations in soil and sediment at the site have been remediated. 

The source or sources of organic constituents and in particular, the explosives 
concentrations that are prevalent in groundwater at the site, is unresolved and may include multiple 
areas, including the vicinities of Study Areas 2, 17, and 18 or locations south of ALAAP in tiie 
former General Services Administration (GSA) area (now Alliance Coosa Pines Facility). Lead 
concentrations in groundwater at ALAAP are problematic in that elemental and mineralogic lead 
are typically insoluble in water, the speciation of potentially lead-bearing compounds at the site is 
not known, the average groundwater pH is slightiy acidic (6.8 units), and the average IQ value for 
lead is 100 mL/g (Dragun 1988). These conditions are not conducive to the dissolution and 
fransport of lead in the abserice ofa highly soluble lead salt or hydroxide or the occurrence of more 
severe pH conditions. 

Surface runoff is currentiy not an important migration pathway because of vegetative 
covering for most of the area. The analysis of site surface water and sediment data show that, in 
general, contaminant loading into drainage ditches from ALAAP are small to negligible. Because 
the bottom ofthe drainage system at ALAAP intersects the water table, a greater possibility exists 
for the trans|)ort of contaniinants into the drainage system with subsequent discharge into the Coosa 
River. Similarly, the air pathway is not an important pathway for contaminant migration from 
ALAAP owing to the over̂ p-own nature of the site and the lack of ongoing activity. However, 
contaminants could migrate from the site to the air during remedial activities that will disturb the 
ground surface. 
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6. HUMAN HEALTH RISK ASSESSMENT 

A baseline human health risk assessment was conducted to determine the potential for 
adverse effects associated with exposure to chemicals present at tiie study areas under investigation 
at Area B at the Alabama Army Ammunition Plant "(ALAAP). Baseline risks are tiie risks to human 
health in the absence of remediation or institutional confrols at the site. 

The subjects of the human health risk assessment are study areas within Area B that are 
known or suspected to have treated, stored, or disposed hazardous waste. Soil, surface water, 
sediment, groundwater, and biota samples were collected to examine the nature, magrutude, and 
extent of contamination at tiiese stijdy areas. The associated data were used to detennine the 
bjiseline risks to human health. The risk assessment provides information used in detennining 
whether or not remedial action is necessary or justifiable. 

The human health risk assessment was conducted in accordance with the process 
recommended by the U.S. Environmental Protection Agency (EPA) in Risk Assessment Guidance 
for Superfund (RAGS) (EPA 1989a) and EPA Region FV in Supplemental Guidance to RAGS 
(EPA 1995c). Following this guidance, the human health risk assessment has been organized into 
the following sections: 

• Data Collection and Evaluation (Section 6.1) 
• Exposure Assessment (Section 6.2) 
• Toxicity Assessment (Section 6.3) 
• Risk Characterization (Section 6.4) 
• Uncertainty (Section 6.5). 

' Section 6.5 has been added to discuss the uncertainty associated with the human health risk 
assessment. As currently specified by EPA, risk assessments rely on conservative (i.e., health-
protective) single-value point estimates. In this approach, point estimates are used as terms in intake 
equations that produce poini: risk estimates when solved. Single point estimates by themselves do 
not reflect tiie range of possible values that could reasonably be used. The resulting risk estimates 
appear to be more precise titan they actually are, when in fact they often err to an uncertain degree 
on the side of health protection. The uncertainty assessment is intended to enhance the 
enviromnental decision-making process by providing additional information regarding the degree of 
conservatism ofthe risk estinates. 

6.1 DATA COLLECTION AND EVALUATION 

This section consists of a brief overview of the data used in the human health risk 
assessment and tiie process used to select chemicals of potential concem (COPCs). COPCs are 
defined as chemicals that are potentially site-related and are present at levels tbat may affect human 
health. COPCs are tiie chemicals tiiat are evaluated quantitatively in the risk assessment and are 
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Human Health Risk Assessment 

selected in accordance witii guidance from EPA Headquarters and EPA Region 4 (EPA 1989a, 
1995c). Also included in this section is a comparison of site data to chemical-specific applicable or 
relevant and appropriate requirements (ARARs). 

6.1.1 Data Used in the Risk Assessment 

The following environmental monitoring data have beeii mcorporated into the risk 
assessment: all data collected by Science Applications International Corporation (SAIC) to support 
this Supplemental Remedial Investigation/Feasibility Study (RI/FS); background surface soil data 
collected by Einvironmental Science & Engineering, Inc. (ESE) in 1993 (ESE 1995); confirmatory 
data collected from Stiidy Areas 2, 6, 7,10,16, 17, 19, and 21 by Roy F. Weston (Weston 1996a, e, 
and f), and Environmental Chemical Corporation (ECC) confinnatory data for lead at Study Areas 
16 and 19 (ECC 1998). The Roy F. Weston and ECC data were collected following excavation of 
contaminated areas to verily that the remaining soils and sediments are not contaminated. Field 
screening data were not used in the quantitative risk assessment 

A fourth phase of investigation is under way and focuses specifically on groundwater 
contamination within Area B. A separate report will be prepared that will integrate the Phase 4 
groundwater results with those from Phases 1 through 3. 

SAIC data have been analyzed and validated in accordance with U.S. Army Environmental 
Center (USAEC) protocols (USAEC 1995a and USATHAMA 1990). During tiie validation 
process, data were qualified based on the results of the quality assurance/quality confrol (QA/QC) 
samples (e.g., laboratory and field blanks). The validation methods and results are described in 
Appendix 1. Data collected by ESE, although not validated in accordance with USAEC protocols, 
were validated against EPA S W846 Metiiod Criteria (Metiiods 6010 and 83 30). 

After the validation process was complete, the following SAIC data were used in the human 
health and ecological risk assessments: 

• Data with detected analytes that have no Installation Restoratiori Data Management 
Information System (IRDMIS) data qualiflers or flagging codes 

Data with detected analytes that have IRDMIS data qualifiers or flagging codes other 
tiian A, B, G, 1, U, and R . 

If an analyte was detected at least once in a data set, "not detected" results for that 
analyte were freated as one-half the limit of detection 

Sample results with IRDMIS flags A, B, G, L and U were treated as not detected and 
included in the risk assessment as one-halfthe reported value; these flags are explained 
in greater detail in the Data Quality Assessment (Section 4.2 and Appendix I). 
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The following were excluded from the human health and ecological risk assessments: 

• Data in which analytes were rejected during data validation (no data were rejected for 
the Supplemental RI) 

• Field duplicates—field duplicates are QA/QC samples that were collected to assess 
variability in the sampling process; therefore, they are discussed in the Data Quality 
Assessment (Section 4.2 and Appendbc I), but the analytical results were not included in 
tlte calculation ofthe exposure point concentrations 

• In accordance with EPA Region IV guidance (EPA 1995c), filtered groundwater data 
^̂ 'ere excluded from the human health risk assessment because these data may 
underestimate chemical concentrations in water from an unfiltered tap. 

6.1.2 COPC Selection 

The first step ofthe COPC selection process was to organize or aggregate the available data 
for evaluation in the risk assessment and to support the calculation of the exposure point 
concentrations (i.e., the concentrations of chemical constituents at the point of contact with the 
receptor). Next, a background comparison was perfonned to determine which inorganic chemicals 
are considered site-related aid which are products of naturally occurring background conditions. 
Those chemicals considered site-related were identified as chemicals exceeding background 
(CEBs). Finally, CEBs wen; subjected to two screens: the essential nutrient screen and the risk-
based concentration (RBC) screen. Chemicals emerging from this process were designated as 
COPCs and summary statistics were calculated for the COPCs. A flow chart illustrating the COPC 
selection process is presented in Figure 6-1. The following paragraphs discuss these steps. 

6.1.2.1 Data Aggregation 

Data aggregation refers to the manner in which sample data are grouped for analysis and 
evaluation in the Rl. For risk assessment to be meaningful, the evaluation must focus on key 
receptors at potential risk of exposure within the land use area and circumstances under which 
exposure is rnost likely to occur. The concept of tiie "exposure unit" is therefore infroduced as the 
basis for assessment of exposure. The exposure unit may be thought of as a geographical area 
witiiin which receptors would realistically be expected to experience average exposure to 
contaminantJi spatially and tsmporally. The exposure unit is defmed on the basis of observed or 
assumed patterns of receptor behavior and the nature and extent of contamination. Data were first 
aggregated v/ithin each study area by medium (e.g., soil, surface water, and groundwater) and then 
horizontally and vertically into discrete exposure units. 

SoU—For risk assessment of soil, each stiidy area was designated as a single exposure unit 
(with the exception of tiiie Community Environmental Response Facilitation Act [CERFA] study 
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Figure 6-1. COPC Selection Process 
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areas). Data were aggregated in this manner due to historical activities (activities generally varied 
between areas but not within a given study area), types of contaminants (in many instances, the type 
of contamin£int varied from one study area to another), and exposure considerations (the study areas 
are large enough that individuals could spend all of their tune in only one study area). 

The (IIERFA study areas were kept as separate exposure units even though some are located 
within or adjacent to non-CERFA study areas. Different contaminants are associated with the 
CERFA stuciy areas (e.g., polychlorinated biphenyls [PCBs] at the Transformer Storage Building 
and Utility Poles), and the sampling plan reflects a spatial bias that is not present at the non-CERFA 
study areas. 

Soil (iata were divided into surface and shallow subsurface data sets. Surface soils include 
data collected from 0 to 1 foot below land surface (BLS). Subsurface soils are composed ofdata 
collected from 1 to 10 feet BLS. Subsurface soils below 10 feet BLS were not considered in the 
risk assessment because soil deeper than 10 feet BLS is generally below the typical construction 
zone for the region and because ofthe high water table in the area. 

Surface water and sediment—For risk assessment of surface water and sediment, the 
exposure units are as follows: 

• Background—Fanning Creek, Little Blue Creek, and Talladega Creek (upstream of 
Aiiea B) 

• Red Water Ditch (Sttidy Area 21) 

• C r̂ossover Ditch (Study Area 26, including swampy areas generally located between 
Study Areas 6, 18, and 20) 

• Beaver Ponds and sfreams leading to and from the Beaver Ponds (Study Area 27) 

• Talladega Creek (includes tributaries from Study Areas 16, 19, and 22). 

Despite their large size, study areas such as the Crossover Ditch and the Red Water Ditch 
were not broken into multiple exposure units because the initial screening data and confirmatory 
sampling dala demonstrated tiiat concentrations of target chemicals (e.g., explosives) were generally 
consistent and relatively low across the exposure unit. 

According to Region IV guidance, it is generally "...unnecessary to evaluate human 
exposures to sediments covered by surface water" (EPA 1995c). Because the Coosa River and 
Talladega Creek are both perennial water bodies, human exposures to these sediments were not 
evaluated in the human heallh risk assessment. 
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Groundwater—Risk assessment of groundwater was conducted for four exposure units 
corresponding to wells associated with Study Areas 16 and 19; wells associated with the Main 
Industrial Area (i.e., all Area B wells except those associated with Study Areas 16 and 19); wells 
associated with the Blending/Shipping Area (Study Areas 17, 18, and 20); and wells associated with 
the Smokeless Powder Facility (Study Area 2). The first two exposure units were chosen because 
geologic and hydrogeologic investigations have inferred a divide approximately in the vicinity of 
the southem portion of Study Area 17, which isolates Study Areas 16 and 19 from the remainder of 
Area B (see discussion in Section 4.4). The Blending/Shipping Area and the Smokeless Powder 
Area were designated as exposure units because they represent the two areas with the most 
significant explosive contamination. These exposure units were created to address EPA Region IV 
policy of using wells in the highly concentrated area of the plume to calculate exposure point 
concentrations. Wells included in these exposure units were selected using 2,4-dinifrotoluene 
(2,4-DNT) as the indicator explosive. 

Groundwater data were not aggregated based on depth. Hydrogeologic investigations 
indicate tiiat the soil residuum and the bedrock are hydraulically connected (Section 4.4). 

A fourth phase of investigation is under way and focuses specifically on groundwater 
contamination within Area B. A separate report will be prepared that will integrate the Phase 4 
results with those from Phases 1 through 3. This additional report will therefore present a more 
thorough evaluation of groundwater contamination at Area B. 

6.1.2.2 Background Comparison 

In accordance witii EPA Region IV guidance (EPA 1995c), SAIC conducted a background 
comparison to detemiine if observed concentrations of inorganic analytes reflect naturally occurring 
conditions or site-related enviromnental impact. A background comparison was not conducted for 
orgaruc compounds because background concentrations of organic compounds are assumed to be 
zero at the exposure units under investigation. Therefore, all detected organic compounds were 
considered site-related. 

For soils, the background comparison was conducted separately for each horizon. For 
surface soils, background data collected from 0 to 1 foot BLS were compared to study area data 
from the same depth. For shallow subsurface soils, study area and background data were compared 
for the 1 to 10 feet BLS interval. Data collected at depths greater than 10 feet BLS were not used in 
the risk assessment. 

The background criterion for a given analyte is a value equal to two times the mean 
background concentration. Ifthe maximum detected value in an exposure unit equaled or exceeded 
the background criterion, the analyte was considered site-related and identified as a CEB. Analytes 
with maximum detected concentrations below the background criterion were eliminated as CEBs 
and from the risk assessment. CEBs (i.e., site-related chemicals) were then subjected to further 
screening to detennine the list of COPCs. 
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The background connparison is discussed ui Section 4.3. The results of the background 
comparison are presented in tiie Appendbc N tables, stiiictured like Table 2 fixjm RAGS Part D 
(EPA 1998a). 

6.1.2.3 Essential Nutrient Screen 

Chemicals considered essential nutiients were subjected to a screen. These chemicals are 
essential to proper fimctioning ofthe human body,-are generally present at low concentrations, and 
are toxic only at very high doses. At Area B, calcium, magnesium, potassium, and sodium were 
considered essential nutrienti;. 

Because EPA-verified toxicity values are not available for these essential nutrients, an 
approach involving the U.S. Food and Drug Admiriistration (FDA) dietary values (DVs) 
(formerly known as recommended daily allowances [RDAs]) (FDA 1997) was used. This approach 
consisted of using the DV and exposure factors to estimate levels in soil and groundwater that may 
be considered analogous to or consistent with dietary limits, The maximum detected concentration 
for each nutrient in each medium from each solid waste management uriit (SWMU) was then 
compared to these calculated concentrations. Ifthe maximum detected concentration was less than 
the dietary value, the metal was eliminated as a COPC. Appendix M shows the conversion of the 
FDA dietary value to concentrations in soil and groundwater. 

6.1.2.4 RBC Screen 

As recommended by EPA Region IV (EPA 1995c), tiie EPA Region IU RBCs (EPA 1998b) 
were used hi selecting COPCs for soil, sediment, groundwater, and fish tissue. The RBCs are 
chemical concentrations conesponding to fixed levels of hazard or risk (a hazard quotient [HQ] of 
0.1 or lifetime cancer risk of 1 x 10"̂ , whichever occurs at a lower concentration). An HQ of 0.1 
was used (rather than 1) to account for the effects of additivity. The RBCs are essentially risk 
assessments nm in reverse for a single contaminant, in a single medium, assuming standard default 
exposure assumptions. 

For a given CEB, tiie RBC screen was conducted by comparing the maximum detected 
concentration in the exposure unit to the RBC. If the maximum detected value was less than the 
RBC, tiie CEB was eliminated as a COPC and excluded fix)m the risk aissessment. Ifthe maximum 
detected value was equal to or greater than the RBC, or if an RBC was not available, the CEB was 
considered a COPC (assuming it was not eliminated in the essential nutrient screen). The residential 
soil RBCs were used in the selection of soil and sediment COPCs. 

Surface water concentrations were screened against the Ambient Water Quality Criteria 
(AWQC) (human healtii for consumption of water and organisms). As witii the Region III RBCs, 
the maximum detected concentration in the exposure unit was compared to the AWQC. If the 
maximum detected value was less than the criterion, the analyte was eliminated as a COPC and 
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excluded from ,the risk assessment. If the maximum detected value was equal to or greater than the 
criterion, or ifan AWQC was not available, the analyte was considered a COPC. l ^ 

6.1.2.5 Rationale for COPC Selection and Calculation of Summary Statistics 

The Appendbc N tables, stincttired like Table 2 in RAGS Part D (EPA 1998a), present tiie 
results ofthe background comparison, nutrient screen, and RBC screen, and show the COPCs for 
each SWMU along with the rationale for their selection. These tables include the following 
information: 

• Minimum and maximum detected concentrations 

• Qualifiers for the minimum and maximum detected concentrations 

• . Location of maximum concentration 

• Frequency of detection 

' J • Range of contract required quantitation limits (CRQLs) and contract requfred detection 
limits (CRDLs) 

• Concentration used for screening 

Background value ^ ^ 

• Screenirig toxicity value 

• Potential ARARs, To Be Considered (TBC) guidance, and associated sources. 

• 

If a cheniical was not detected in a given exposure unit, it was eluninated as a COPC and 
from fiirther consideration in the risk assessment. If a chemical was detected at least once but not in 
every sample collected within the exposure unit, the "not detected" results were freated as one-half 
the limit of detection and included in the risk calculations. Field duplicates were not included in the 
data set used to calculate risk. 

At Area B, most of the wells were sampled more than once to evaluate concentration 
variability over time. Data collected from the same well were first averaged and then included in 
the risk assessment. In addition, at a few soil and sediment locations, samples were collected more 
than once to support the ecological risk assessment As with the groundwater, the sampling results 
from a single location were averaged before being included in the risk assessment. 

For each exposure unit, the remaining COPCs were inspected. If none remained, the 
exposure unit was removed fi^om fiirther consideration in the human health risk assessment. In 
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Appendbc N, tables formatted using the same stiucture specified for Table 3 in RAGS Part D 
(EPA 1998a) present tiie foUowing: 

• ^jithmetic mean concentration 

• 95 percent upper confidence limit (UCL95) on the mean 

• Maximum detected concentration 

• Qualifiers for the maximum detected concentration 

• Exposure point concentrations used under both the reasonable maximum exposure 
(RME) and centnd tendency exposure (CTE) scenarios. 

6. f.3 ARARs Comparison 

The Comprehensive Environmental Respoiise, Compensation, and Liability Act (CERCLA) 
specifies that remedial actions for the cleanup of hazardous substances must comply with the 
standards under Federal or more stringent State environmental laws. These laws are ARARs and 
apply to the hazardous substances or particular circumstances at a site. ARARs may be chemical-, 
location-, or action-specific. 

During the risk characterization, levels of risk associated with each receptor are estimated 
and chemicalls of concem (COCs) are identified if risks exceed regulatory targets. COCs are carried 
into the FS jind are the chemicals on which the remediation effort is focused. In accordance with 
EPA Region W guidance (EPA 1995c), chemicals exceeding ARARs are designated as COCs, 
along witii chemicals that extieed EPA targets as detennined m the human health and ecological risk 
assessments. 

For the identification of COCs based on exceedance of ARARs, the comparison has been 
limited to chemical-specific ARARs that are promulgated under Federal or State law. At Area B, 
groundwater concentrations from each sample collected were compared to State and Federal 
maximum contaminant levels (MCLs) (EPA 1995e). Chemical-specific ARARs promulgated under 
Federal or State law are not available for other media being evaluated at ALAAP, Area B. The 
results of this comparison arc shown m Table 6-1. 

In accordance with tiie fi-amework for conducting FSs, each remedial alternative considered 
must evaluate compliance witii ARARs. Therefore, a complete discussion of all pertinent ARARs 
is presented in the FS for Artja B. 

Final RI Report 6-9 August 2001 



Human Health Risk Assessment 

Table 6-1. ARARs Comparison with State and Federal MCLs for Groundwater 
Alabama Army Ammunition Plant, Childersburg, Alabama , V^ 

Cheinical 
Arsenic 
Beryllium 

I .ead 

-

Carbon Tetrachloride 

Pentachlorophenol 

Vinyl Chloride 
bis(2-Ethylhexyl)phthalate 

. - ' ' • • • . > • ' . • : • Exceedances of Federalluid Alabaina State MCLs 

. •• ,u>- ••^^^:; • : S a i n p l e : I D : . - . ' ; - - . . ; . - ^ - ; ; - . ' ' ' • • ; . ' • • ' : ; • 

S i t e I D i K ^ 
D7B 

GW-04-003 
P-5 
D7B 

GW-02-OOi 
GW-02-002 
GW-03-003 
GW-04-001 
GW-04-001 
GW-04-003 
GW-10-001 
GW-16-005 
GW-16-006 
GW-16-007 
GW-17-002 
GW-17-002 
GW-17-004 
GW-17-006 
GW-17-006 
GW-17-006 
GW-18-001 
GW-18-002 
GW-18-003 
GW-18-003 
GW-18-003 

GW-20-01BR 
P-5 
P-10 
P-10 
P-35 
P-69 
P-60 
P-60 
D-14 
D4 
P-IO 
P-14 
P-44 
P-44 
P-64 
P-68 
D7B 
D-16 
D-7B 

GW-02-001 
P-35 
P-67 

- S i t e T y p e ; ,-• 
WELL 
WELL 
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WELL 
WELL 
WELL 
WELL 
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WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 

, WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
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WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 
WELL 

Field Sample ."• 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl ! 
SAIC02 
SAIC04 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAIC02 
SAICOl 
SAICOl 
SAIC02 
SAIC03 
SAICOl 
SAICOl 
SAICOl . 
SAIC02 
SAIC04 
SAICOl 
SAICOl 
SAICOl 
SAIC02 
SAICOl 
SAIC03 
SAICOl 
SAIC02 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAIC02 
SAICOl 
SAICOl 
SAICOl 
SAIC02 
SAICOl 
SAICOl 
SAICOIX 
SA1C02 
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• C o n c (lig/L). 

200 
5.6 
6.8 -
94 

. . 23 . 
35 
134 

1,600 
88 
35 

1,200 
69 

240 
28 
37 

450 
138 
310 
660 
185 
300 
360 

65,000 
55 
47 
26 
60 
97 
100 
19 
25 
6.4 
6.1 
2.1 
1.4 
1.9 
1.6 
9.0 
11 
1.8 
2.4 
3.5 
70 
15 
51 
10 

9.1 

• . - . • . ' 1 ' • • • • • • ' 

. .?MCL>'^:":^ 

50 
4 

15 

, 5 . 

1 

2 
6 

u 

a - Lesser ofthe ADEM or Federal Maximuni Contaminant Level (MCL) for drinking water supplies. 
^ 
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6.2 EXPOSURE ASSESSMENT 

The objective ofthe exposure assessment is to estimate the type and magnitude of potential 
human exposures to COPCs. For a given receptor group, this results in an estimate of chronic daily 
intake or dose of COPCs from envfronmental media at ALAAP. The exposure assessment, in 
conjunction with the subsequent toxicity assessment (discussed in Section 6.3), supports the 
characterization of potential risks to human health (discussed in Section 6.4). The exposure 
assessment consists ofthe following principal components: 

• Characterization of current and fiiture land uses and identification of potentially exposed 
receptors 

• Identification of potential exposure pathways 

• Derivationof exposure point concentrations 

• Development ofchemical intake or dose estimates. 

EPA guidance (EPA 1989a and 1992e) specifies that an RME scenario should be developed. 
The RME is a conservative exposure case that is in the high end of tiie range of possible exposures. 
In addition, a CTE scenario also is evaluated and used to contrast average exposures with the RME 
estimates. Tlie CTE estimate differs from the RME estimate in that the exposure assumptions 
(e.g.; exposuie frequencyj exjiosure duration, and ingestion rate) are generally mid-range rather than 
high-end values. 

EPA requfres that RME results be the primary focus of the risk assessment. Therefore, the 
risk assessment conclusions amd recommendations are based on the RME estimates. CTE estimates 
are presented in Appendbc N, along with the RME estimates, and are discussed in the uncertainty 
section of the risk assessment. The inclusion of both central tendency and high-end estimates 
provides more information regarding the possible distribution of risks, and enhances the decision
making process regarding the potential need for remediation. 

6.2.1 Land Use Assumptions and Potentially Exposed Receptors 

The following section describes land uses at the study areas under investigation and the 
receptor popiulations that may potentiaUy be exposed to contaminants. The risk assessment 
evaluates both current and fuiture land use scenarios. 

6.2.1.1 Current and Future Industrial Land Use 

Currently, Area B is inactive. It was under caretaker status untU recently (January 2001). 
Access is controlled through the use of fences, gates, and locks. Areas adjacent to Area B include 
Kimberiy-Clark Corporation (an industiial facUity that manufactures paper products) and Area A, 
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which is a privately owned game preserve. According to the Site Management Plan prepared by 
USAEC for ALAAP (USAEC 1995b), "...remedial investigation/action efforts, property ti^ansfer, 
sales or leases wiU be restricted to an industrial reuse scenario." Under a future industrial scenario, 
new buUdings would likely be constructed on the study areas under investigation. In the risk 
assessment, an industrial sceriario has been evaluated that is inclusive of both the caretaker scenario 
that existed at the beginning of this investigation and a fiiture industrial scenario. The current and 
future industrial worker is assumed to be exposed to surface soU. 

6.2.1.2 Future Recreational Land Use 

The future recreational scenario is included to account for use of the land for recreational 
purposes (e.g., a park or open area, a hunting area), or frespassing (should the property be retained 
by the U.S. Army or sold to a private party). In the risk assessment, the recreational receptors are 
exposed to surface soil, and to surface water and sediment whUe wading. Ingestion of fish and 
rabbit also was evaluated under the future recreational land use scenario. Exposure to subsurface 
soU was not evaluated because soU intrusive activities (i.e., activities involving exposure to soU 
below 1 foot BLS) are not expected. 

6.2.1.3 Future Construction Scenario 

The future construction scenario assumes that buUdings (e.g., residences or commercial 
buUdings) are constructed or roads are buUt on the study areas under investigation. The construction 
worker is different from the industrial worker in that some ofthe exposure assumptions are different 
(e.g., soU ingestion rate and exposure duration) and the construction worker is assumed to be 
exposed to subsurface soil in addition to surface soil (see Sections 6.2.3 and 6.2.4.2 for discussions 
on the exposure point concentrations and exposure assumptions used in the risk assessment, 
respectively)'. Exposure to subsurface soU could occur during construction activities 
(e.g., excavation). 

6.2.1.4 Future Residential Land Use 

In accordance with EPA Region IV guidance (EPA 1995c), a residential scenario has been 
included at aU study areas because residential development carmot be ruled out entirely. However, 
residential conversion is unlikely because the Army has chosen the industrial scenario as the 
selected future reuse (USAEC 1995b). In the risk assessment, residential receptors are exposed to 
surface and subsurface (up to 10 feet BLS) soUs, groundwater, surface water, and sedunent. 
Ingestion of fish and rabbit also was evaluated under the future residential land use scenario. 
Residents were evaluated for exposure to subsurface soil because of the possibUity of soU 
redistribution. During excavation and regrading (such as conducted during construction of 
buildings and residences), soUs that were 1 to 10 feet BLS may be redistributed at the surface. 
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6.2.1.5 Potentially Exposed Receptors 

Under the current and future industiial and the fiiture construction worker scenarios, the 
receptor at potential risk is a worker, who is an adult. Therefore, chUdren are not evaluated under 
these scenarios. 

Under the residential and recreational land use scenarios, adults and chUdren are at potential 
risk ofexposure. The residential child is defined as a 15 kUogram chUd between the ages of 1 and 
6 years. The recreational child is defined as a 45 kilogram chUd between the ages of 7 and 16 years. 
Future recreational land use may include hunting. Therefore, the adult recreational receptor also 
may be a hunter. 

It is not appropriate to calculate cancer risks for a chUd separate from an adult because 
carcinogenic effects accumulate over the lifetime ofthe individual. Rather, a combined cancer risk 
that encompjisses both childtiood and adulthood must be evaluated for the receptor. For noncancer 
effects, hazaids are appropriately calculated for a child separately from the adult. For clarification 
of this concept, the risk assessment refers to the receptor exposed to carcinogens as an "integrated 
child/adult" and the receptors exposed to noncarcinogens as a "child" or an "adult." 

6.2.2 Identification of Potential Exposure Pathways 

Exposure pathways describe "the course a chemical or physical agent takes from the source 
to the exposed individual" (EPA 1989a). An exposure pathway comprises the following four 
components: 

• A. source and mechanism of chemical release 
• A retention or transport medium (or media) 
• A. point of potential human contact with the contaminated medium (the exposure point) 
• An exposure route (e.g., ingestion, dermal contact, and inheilation). 

Each of these elements must be present for the pathway to be complete and considered 
fiirther in the risk assessment! Some complete pathways may not be quantified ifthe contribution to 
hazard or risk is clearly minor relative to other major pathways. 

Figure 6-2 presents the exposure pathways from source to receptor as a conceptual site 
model (CSMl). The CSM isi a simple diagram used to help define complete exposure pathways, 
understand tlie nature and e:clent as weU as the fate and transport of contamination, and develop 
preliminary remedial alternatives. As shown in the CSM, the human health risk assessment 
evaluated soil, groundwater, surface water, sediment, and food chain pathways. 

In a complete exposure pathway, exposure occurs at the point at which contact is made 
between receiptors and contaminants. The exposure point may represent only a smaU portion ofthe 
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entire exposure pathway. If there is no exposure point, there is no exposure, even if contaminants 
have been released into the envfronment (e.g., contaminants that are migrating in soUs that are too 
deep to exca^/ate). 

If a complete exposuie pathway is indicated, the exposure assessment estimates the average 
contaminant concentration and potential for human uptake at the exposure point. Hazard and risk 
estimates are then calculated for exposures occurring to envfronmental media at the exposure point 
via the relevant exposure routes (e.g., ingestion, dermal contact, and inhalation). Tables 6-2 and 
6-3 present tlte exposure pathways evaluated in the human health risk assessment. 

6.2.2.1 Soli Pathways 

SoU ingestion, dermal contact with soil, and inhalation of suspended soil particulates were 
evaluated for each receptor. 

6.2.2.2 Groundwater Pathways 

Groundwater pathways were evaluated ordy for the future residential land use scenario. 
Groundwater exposures are not evaluated under current land use because water is suppUed to Area 
B by the neiirby county water freatinent plant (which obtains its water from the Coosa River). 
Future developers of Area B would most likely continue to use the water supplied by the county 
water freatment plant. No drinking water wells are located within Area B. 

Under future residential land use, groundwater pathways were evaluated in the unlikely 
event that a resident installed a weU. Exposures to groundwater in the home include ingestion and 
exposure to volatile organic compounds (VOCs) whUe showering. Region IV risk assessment 
guidance (EF'A 1995c) indicates that intake of VOCs whUe showering is equivalent to the intake 
from ingesting 2 liters of watsr per day. This approach is used for adults and children. The method 
includes exposures via the inlialation and dermal routes. 

Groimdwater migration to surface water and subsequent effects on sediment are of possible 
concem in the Beaver Ponds and in swampy areas generally located between Study Areas 6,18, and 
20. However, surface water and sediment monitoring data collected in the Beaver Ponds 
(Study Area 27) and in the swampy areas were used to estimate risks to human receptors 
(Section 6.4.4), thereby accounting for possible groundwater discharge to these areas. Samples 
collected in the swampy areas are included in the Study Area 26 exposure unit. 

6.2.2.3 Surface Water and Sediment Pathways 

Surface water and sediment pathways have been evaluated in the risk assessment for future 
residents and recreational receptors while wading. Wading is considered more realistic than 
swimming because the majority of the water bodies (e.g.. Red Water Ditch, Crossover Ditch, and 
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Table 6-2. Exposure Pathways for the Human Health Risk Assessment 
Alabama Army Ammunition Plant, Childersburg, Alabama 

^ 

S t u d r A n a / 
ExpaniK.Unt t . ; 

2 - Smokeless 
Powder Facility 

3 - Sanitaiy 
Landflll and 
Lead Facility 

Project Area 

: - Red Water 
Storage Basin 

6 - Southern TNT 
Manufacturing 
Area 

7 - Northern TNT 
Manufacluring 
Area 

8 - Acid/Organic 
Manufacturing 
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8 - Testpits 

1 * ~ -̂ • 
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Current/Futm"e 
Fumre 
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Industrial Worker 
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Industrial Worker 
Construction Worker 
Recreational Receptor 

Residcat 

Industrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construclion Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construclion Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construclion Worker 
Recreational Receptor 

Resident 

Induslrial Worker 
Conslniction Worker 
Recreational Receptor 

Resident 

Induslrial Worker 
Constiuction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Constmction Worker 
Recreational Receptor 

Resident 

Induslrial Worker 
Conslniction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

•-.•.-••J:^-i'-::..Soai:'-. 
. D e m a l ' P o r t i a i l a t e 

I i i ) ie t ion ' :Caq |ac t MnUaliitlan 

• • • 
• • • 
• • • 
• • • 

• • • 
• • • 
• • • 

• • • 
• . * A 

« • o 
• • • 

• • • 

• • • 

• • • 

Surfacewater* 
Dermal 

Ineestioo Contact 

• • 
• • 

• • 
• • 

Js^iini^^^ 
• •';.;--"i;Permttl 

Injcestion Contact 

• 

• • 
• • 

• • 
• • 

• • 
• • 

F U i / G a m e ' 

Ineestion 

' • 

• 
• 

• 
• 

• 
• 

• 
• 

J 

v _ 
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Table 6-2. Exposure Pathways for the Human Health Risk Assessment (Continued) 
Alabama Army Animunition Plant, Childersburg, Alabama 

Study Area/ 
Exposure t 'ni t-

20 - Rifle Pjwder 
Finishing Area 

2 1 - R e d Water 
Ditch 

22 - Demolition 
Landfill 

2S - Storage 
Battery/Demolition 
Debris 

26 - Crossover 
Ditch 

27 - Beaver Pond 
Drainage System 

Building 6 - Coke 
Oven 

Transformei Storage 
Building and 
Utility Poles 

Undeigrounl 
Storage Tanlcs 

Gas Station 

Fenilizer and 
Peslicide Storage 

Talladega 
Creek 

Coosa 
River 

Land Use 

Current/Fumre 
Fumre 
Future 
Fumre 

Current/Fumre 
Fumre 
Fumre 
Fumre 

Current/Future 
Fumre 
Fulure 
Fulure 

Current/Fumre 
Future 
Fumre 
Future 

Current/Fumre 
Future 
Fumre 
Fumre 

Current/Fumre 
Fumre 
Fulure 
Fulure 

Current/Future 
Fumre ' 
Future 
Fumre 

Current/Fumre 
Fumre 
Fulure 
Fumre 

Cuirenl/Fumre 
Fumre 
Fumre 
Fumre 

Current/Future 
Future 
Fumre 
Fulure 

Cunent/Future 
Future 
Future 
Future 

Current/Fumre 
Fumre 
Fumre 
Fulure 

Cunent/Fumre 
Future 
Fulure 
Fumre 

Receptor . 

Industrial Worker 
Constniclion Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construction Worker 
Recrealioiul Receptor 

Resident 

Induslrial Worker. 
Construction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construction Worker 

Recreational Receptor 
Resident 

Indusnial Worker 
Construction Worker 
Recreational. Receptor 

Resident 

Indusffial Worker 
Construction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

Induslrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

Indusoial Worker 
Construction Worker 
Kecreational Receptor 

Resident 

Industrial Worker 
Construclion Worker 
Ftecreational Receptor 

Resident 

Industrial Worker 
Constiuction Worker 
F'.ecreational Receptor 

Resident 

. Industrial Worker 
i:onslniction Worlxr 
Recreational Receptor 

Resident 

Son. . 
/ D e r m a l Particulate 

'inECStlon Contact. Inhalation 

• • • 

• • • . 
• • • ' 

• • • 
• • • 
• • • 
• • • 

• • • 
• • • 
• • • 
• • • 

• • • 

• • • 

. • • 

• • • 

• • • 
• • • 
• • • 
• • • 

Surface Water* 
Dennal 

InKestion Contact 

• • 
• • 

• • 
• • 

• • 
• • 

• • 
• • 

• • 
• • 

Scdlineot' 
Dennal 

Ingestion ConUct 

• • 
• • 

• • 
• • 

• • 
• • 

• 

• • 
• • 

• • 
• • 

Fish/Game'' 

Ineestion 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

Blank spaces represent incomplete pathways. 
'Surface water and sediment exposures were evaluated under a wading scenario. 
Ingestion of rabbit is evaluated al Sludy Areas 8, 10, 16, 17, and in background. Ingestion of fish is evaluated at Smdy Areas 2 1 , 26, 27, Talladega 

Creek, an i in background. Ingestion of crayflsh is not evaluated in the huinan health risk assessment. 
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Table 6-3. Exposure Pathways for the Human Health Risk Assessraent - Groundwater 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Study Aî ea/. 
Exposure.^Uiiit -;; ' : ; 

Main Industrial Area 
(all of Area B except 
Smdy Areas 16 and 19) 

Smdy Areas 16 and 19 

Smokeless 
Powder Area 

Blending/Shipping 
Area 

Background 

Tjuid-Use •-

Current/Fumre 
Fumre 
Fumre 
Fumre 

Current/Fumre 
Fumre 
Fumre 
Fumre 

Current/Fumre 
Fumre 
Fumre 
Fumre 

Current/Fumre 
Fumre 
Fumre 

. Fumre 

Current/Fumre 
Fumre 
Fumre 
Fumre 

;̂?..'-;̂  ^;y•. Receptor--'• 'il'.-:;,:ij-

Industrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construction Worker 

- Recreational Receptor 
Resident 

Industrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

Industrial Worker 
Construction Worker 
Recreational Receptor 

Resident 

::kvr; '•; Groundwiiter* • 
'̂ 'ili"'-.:'• i^-li' ' '! ' VDermal^and •• 
' ' r ingestion • 'Mhalation 

• • 

• • 

.* ' * 

• - • ' 

• • 

'Based on the recommendation of the Risk Assessment Forum and EPA Region IV guidance, the risk assessment 
has assumed that the intake of VOCs from showering is equivalent to the intake of VOCs from ingestion of 2 
liters of water per day (EPA Region IV guidance, EPA 1995c). 

V. 
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Beaver Pond Drainage System) on or passing through Area B are relatively shallow (fewer than 
4 feet) and may dry up during the late summer montiis. The upper portions ofthe Red Water Ditch 
and Crossover Ditch are dry from 3 to 6 montiis of tiie year. The Beaver Ponds are perennial, but 
shrink during the dry months. Workers are assumed to have minimal or no contact with surlace 
water and sediment. The pathways evaluated are surface water ingestion and dermal contact, and 
sediment mgestion and dermal contact. 

In accordance witii EPA Region IV guidance (EPA 1995c), human exposures to sediments 
that are continuously covered by surface water need not be evaluated. Therefore, human exposures 
to sediments in Talladega Creek and the Coosa River are not addressed because both are perennial 
waterbodies, 

6.2.2.4 Food Chain Pathways 

Moniitoring data are available for crayfish, fish, and rabbit at Area B. Under tiie residential 
and recreational land use scenarios, ingestion of fish and rabbit was evaluated in the risk 
assessment. Rabbits were chosen because they represent an edible game species readily available at 
the site and have a relatively small home range (a few acres). Ingestion of crayfish was excluded 
from the human health risk assessment because it is unlikely that crayfish would constitute a 
significant p;3rt ofa receptor's diet given their small size and scarcity at Area B. Larger crayfish, 
which are not local, are available in grocery stores at fairly inexpensive prices. 

At Study Areas 26 and 27, monitoring data are available for fish fillets (with the skin 
removed). The fillet is the muscular sides ofthe fish associated with the ribs and excludes the head, 
tail, backbone, and viscera. Because human receptors eat only the fillet, these data have been used 
to calculate risk for human health (rather than data for the whole fish). 

6.2.3 Derivation of Exposure Point Concentrations 

Exposure point concentrations are the concentrations of chemicals in a given mediimi to 
which himian receptors are exposed at the point of contact. Exposure point concentrations are used 
to calculate the chemical intakes or doses for human receptors based on metiiodology provided in 
EPA's Supplemental Guidance to RAGS: Calculating tiie Concentiation Tenn (EPA 1992g). The 
calculation cf intakes or dos(;s for the human receptors is discussed in Section 6.2.4. 

Becaiuse ofthe imcertainty associated with any estimate of exposure concentration, EPA has 
selected a c;onservative approach ih which the UCL95 of the mean or tiie maximum detected 
concentration (whichever is lower) is used as the exposure point concentration. This concentratiori 
is called tiie RME concentration. The UCL95 represents tiie upper 95 percent confidence limit ofthe 
arithmetic mean, meaning tiiere is a 95 percent probability that the average exposure point 
concentration will fall at or below tiie UCL95. Given a large, nonnally distributed data set, tiie 
UCL95 is expected to be only slightiy larger tiian the mean. If, however, the data set is small, 
variable, and is not normaUy distiibuted, the UCL95 may be much larger than the mean, and may 
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even exceed the maximum detected value. Because the UCL95 is sensitive to the data distribution 
and the number of samples, the smaller ofthe UCL95 or maximum detected value was chosen as the 
RME concentiation (EPA 1992g). 

Methods used to derive the UCL95 are dependent on the underlying shape ofthe distribution 
of tiie data set. Consequentiy, the data were first tested to detennine if they were normally or 
lognonnally distributed using probability plot correlation coefficients (EPA 1992c). Ifthe data were 
found to be normally distributed, the exposure point concentration was calculated as the UCL95 on 
the arithmetic mean of the data using the student's t-statistic. If the data were found to be 
lognormally distributed or if a distribution could hot be defined, the exposure point concentration 
was calculated as the UCL95 of the arithmetic mean using the H-statistic (EPA 1992a). The 
H-statistic is used to compute a one-sided 95 percent UCL on a lognonnai mean (GUbert 1987). 

As discussed in Section 6.1, "not detected" results were freated as one-half the limit of 
detection (assuming that the analyte was detected at least once in a given data set) and included in 
the calculations of the UCL values. Field duplicates are discussed in the data quality assessment 
(Appendbc I), but the analytical results are not included in the calculation ofthe exposure point 
concentrations. 

For groundwater, EPA Region IV guidance recommends the use of wells within the highly 
concentrated area of the plume to calculate exposure point concentrations. For this reason, two 
exposure units were established, tiie Blending/Shipping Area and the Smokeless Powder Area, that 
include wells in the highly concentrated areas of explosive contaniination (Section 6.1.2.1). 
Exposure point concentrations for these two exposure units are the arithmetic mean of the sample 
results. In addition, groundwater data were aggregated in another manner due to hydrogeologic 
considerations: wells associated with Study Areas 16 and 19, and wells associated with the Main 
Industrial Area (i.e., all Area B wells except those associated with Study Areas 16 and 19). 
Exposure point concentrations calculated for these exposure units are the lesser of the 95 percent 
UCL and the maximum detected value. 

Groundwater data collected from the same well over time were first averaged and then 
included in the risk assessment. Where additional soil or sediment samples were collected frorn a 
single location, sample results were averaged before being included in the risk assessment 

Surface soil data from 0 to 1 foot BLS (but not including 1 foot BLS) were used to calculate 
exposure point concentrations for the currerit and friture industrial and friture recreational land use 
scenarios. For fiiture construction worker and resident exposures, both surface and isubsurface soils 
(0 to 10 feet BLS) were used in the risk assessment. 

In Appendbc N, tables stiiictured like Table 3 in RAGS Part D present the exposure point 
concentrations used in the human health risk assessment. 
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6.2.4 Development of Chemical Intakes 

This section provides information concerning the equations and exposure factors 
(i.e., assumptions) used to ceJculate chemical intakes or dose estimates. The risk assessment used 
intake equations that were developed and applied in accordance with methods presented by EPA in 
RAGS (EPA 1989a). 

The oral and inhalation intake estimates are expressed as the administered dose of a 
chemical (i.e., the amount ofchemical at an exchange boundary, such as the skin or the intestmal 
wall, that is available for absorption). However, dermal doses are estimates of absorbed dose 
(the amount of chemical actually absorbed into the bloodstream). All chemicals are assumed not to 
transform or degrade over the period of exposure (i.e., the concentration in the medium of concem 
remains the same). 

6.2.4.1 Exposure Equations 

Intake estimates (in mg/kg-day) were developed for each COPC using the corresponding 
exposure point concentration. Chemical intakes (or absorbed dose for dermal contact pathways) are 
estimated by means ofthe following general equation: 

C X IR X EF X ED X CF 
Intake (mg/kg-day) = 

BWxAT 

Where: 

C = Chemica] concentration (exposure point concentration) 
IR = Intake rate 
EF = Exposure fiequency 
ED = Exposure duration 
CF = Conversion factor (to attain units of mg/kg-day) 
BW = Body weight 
AT = Averaging time for noncancer or cancer effects. 

Pathway-specific intake equations are presented in Appendix M, Section M.1, and in the 
Appendix N tables that are structured like Table 4 in RAGS, Part D. 

6.2.4.2 Exposure FactDrs 

Two sets of exposure factors or assumptions were developed, one representing CTE 
estimates and tiie otiier representing RME estimates. The CTE factors estimate average or mean 
exposures and may be compared witii the high-end RME estimates. Following EPA Region IV 
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direction, the CTE esthnates are discussed in the uncertainty section and are not used in 
decisionmaking regarding the need for remediation. 

The exposure factors are combined with the exposure point concentrations to calculate 
intake or dose. The exposure factors and corresponding guidance or rationale used in this risk 
assessment are presented in Tables 6-4 and 6-5. In most cases, published exposure assumptions 
were used (EPA 1991a, 1991b, 1992a, 1993a, and 1996a). 

6.3 TOXICITY ASSESSMENT 

The objectives of the toxicity assessment are to evaluate the inherent toxicity of the 
compounds under investigation and to identify and select toxicity values for use in risk 
characterization. For the assessment of human health risks from exposure to chemicals, the 
following toxicity values are of principal importance: 

• Reference doses (RfDs) for oral exposure—acceptable intake values for chronic 
exposure (noncancer effects) 

• Reference concentrations (RfCs) for inhedation exposure—acceptable intake values for 
chronic exposure (noncancer effects); these have been converted to inhalation RfDs by 
multiplying by 20 cubic meters per day and dividing by 70 kg 

• Cancer slope factors (CSFs) for oral exposure 

• CSFs for the inhalation route. 

Toxicity infonnation is preferably obtained from the Integrated Risk Information System 
(IRIS) (EPA 1999). If values are not available from IRIS, tiie Healtii Effects Assessment Summary 
Tables (HEAST) (EPA 1997b) are consulted. 

EPA recommends two different approaches for evaluating noncancer and cancer health 
effects. The two approaches reflect a fundamental difference in the proposed mechanism of toxic 
action. In assessing the potential for noncancer health effects, EPA assumes that there is a 
toxicologic threshold below which no adverse health effects occur. These toxicologic thresholds are 
represented by RfDs for oral exposures and RfCs for inhalation exposures. The RfDs and RfCs are 
levels (with uncertainty spanning an order of magnitude or greater) of daily human exposures below 
which adverse health effects are hot anticipated, even for the most sensitive members of a 
population (EPA 1989a). EPA derives RfDs and RfCs based on estimates ofthe no-observable-
adverse-effect level (NOAEL) or lowest-observable-adverse-effect level (LOAEL) in humans or 
test animals. In this risk assessment, an RfC (concentration) is converted to an inhalation RfD 
(dose). 

\^. 
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Table 6-4. Exposuro Assumptions for Current and Future Industrial Land Use 
Alabama Army Ammunition Plant, Childersburg, Alabama 

: • PATHWAY'-;: ;>;, • • ASSUMPllON .-.•.; 

Generkl 
Body weight 
Exposure duration 
Averaging time - noncancer 
Averaging time - cancer 

Soil Ingestion 
Ingestion rate 
Ilioavailability factor 
Exposure frequency 
Conversion factor 

Soil Demiai Clontact 
Skin surface area available 
Soil to skin adherence factor 
Dermal absorption factor 
Exposure frequency 
C;onversion factor 

Fugitive Dust Inhalation 
Inhalation rate 
Respirable particulate concentration (< =10/im 
Exposure frequency 
Conversion factor 

• ;C^tJNITS^:; 1 

kg 
years 
days 
days 

mg/day 
none 

days/year 
kg/mg 

cmVday 
mg/cm^ 

none 
days/year 

kg/mg 

m'/day 
mg/m' 

days/year 
kg/mg 

GURREOT AND FTJTURE LAND USE 
,•:.••.'•:.;•••,: :;.• ••.;• Worker • : . • . 

- -.•--RME-•.•^.-.,.;.. CTE' 

70 a 70, 
25 a 5 

9125 a 1825 
25550 a 25550 

50 a 50 
1 g 1 

250 a 219 
1.OOE-06 - l.OOE-06 

5800 b 5000 
r b 0.2 

chemical-specific 
250 a 219 

l.OOE-06 - 1.OOE-06 

20 a 20 
0.027 f 0.027 
250 a 219 

l.OOE-06 - l.OOE-06 

c 
c 
c 
c 

c 
8 
c 

b 
b 
d 
c 

e 
f 
c 

a - EPA 1991a, Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors 
b - EPA 1992a, Dermal Exposure ^ .̂ssessment; for skin surface area available during soil dermal contact, assumes 25 percent of to 

body surface area is exposed (pp. 8-10 and 8-12 of EPA 1992a) 
c - EPA 1993a, Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure 
d - A default value of 1.0 percent for organic compounds and 0.1 percent for inorganic chemicals was used (EPA Region IV guida 
e - If guidance is not available for tlie CTE but exists for the RME, the RME value was conservatively adopted as the CTE 
f - Average 24-hour average PM|o iX)ncentration from Childersburg, Alabama air sampling station for the period 1/90 
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Table 6-5. Exposure Assumptions for Residential, Recreational, and Construction Future Land Uses 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Ti n 
O 

Os 
I 

> 
e 

PATHWAY ASSUMPTION 

General 
Body weighi 
Exposure duration 
Averaging time - noncancer 
Averaging time - cancer 

Sou Ingestion 
Ingestion rate 
Bioavailability factor 
Exposure frequency 
Conversion factor 

Sott Dennal Contact 

Skin surface area available-
Soil to skin adherence factor 
thermal absorption factor 
Exposure frequency 
Conversion factor 

. Fugitive Dust Inhalation 

Inhaialion rate 

Respirable particulate concentration 
Exposure frequency 
Conversion factor 

Gioundwater Ingestion 
Irigestion rate 
Exposure frequency 
Conversion factor 

Groundwater Dennal Contact and Inhalation 

Sediment Ingestion (while wadhig) 
Ingestion rate 
Bioavailability factor 
Exposure frequency 
Conversion factor 

Skin surface area available 
Sediment to skin adherence factor 
Dennal absorption factor 
Exposure frequency 
Conversion factor 

UNITS 

kg 
years 
days 
days 

mg/day 
none 

days/year 
kg/mg 

cmVday 

mg/cm' 
none 

days/year 
kg/mg 

m'/day 

mg/m' 
days/year 

kg/mg 

Uday 
days/year 

mg/;ig 

mg/day 
none 

days/year 
kg/mg 

cm'/day 

mg/cm' 
none 

days/year 
kg/mg 

• - . ' . " • • " . ' ! . . . • . : FUTURE LAi<(D.USE .:• 
Resident ChOdren 

RME C I E 

IS c 15 f 
6 c 2 f 

2190 c 730 f 
25550 c 25550 f 

200 c IOO f 
l a 1 a 

350 c 234 f 
l.OOE-06 I.00&06 

2010 e 1750 e 

. 1 e 0.2 e 

chemical-specific g 
350 c 234 f 

1.OOE-06 • I.OOE.06 

IS a IS j 

0.027 m 0.027 m 

350 • c 234 f 

1,OOE-06 l.OOE-06 

1 a 1 j 
350 c 234 f 

l.OOE-03 - l.OOE-03 -

Pathway evaluated in accordanc 

200 n IOO n 
l a l a 

45 a 23 i 
l.OOE-06 - l.OOE-06 

.2010 e 1750 e 

I n 0.2 n 
chemical-specific n 

45 a . 23 i 
l.OOE-06 - l.OOE-06- -

Resideiit Adults . . 

RME " , era 

70 c 
24 c 

8760 c 
25550 c 

100 c 
1 a 

350 c 
1.OOE-06 -

70 f 
7 f 

2555 f 
. 25550 f 

SO f 
1 a 

234 f 
I.OOE-06 -

5800 e 5000 e 

1 e 0.2 e 

chemical-specific g 
350 c 234 f 

1.OOE-06 l.OOE-06 -

20 c 

0.027 m 

350 c 

1.00E.06 

2 c 
350 c 

l.OOE-03 

20 f 

0.027 m 

234 f 

l.OOE-06 

1.4 f 
234 f 

l.OOE-03 -

: with EPA Region IV guidance 

IOO n 
1 a 

45 a 
1.OOE-06 -

SO n 
1 a 

23 i 
l.OOE-06 -

5800 e 5000 e 

1 n 0.2 n 
chemical-specific n 

45 a 23 i 
1.OOE-06 l.OOE-06 -

Reorational a u t d r i m 
R^ffi ~ . 'CTE 

45 a 45 
10 a 10 

3650 c 3650 
25550 c 2S550 

100 b SO 
1 a 1 

SO k 25 
l.OOE-06 - l.OOE-06 

4100 e 3320 

1 e 0.2 

chemical-specific 
30 k 25 

1.OOE-06 - l.OOE-06 

13 b 13 

0.027 m 0.027 

SO k 25 
1.OOE-06 1.OOE-06 

a 
a 
c 
c 

b 
a 
i 

e 

e 

g 

j 
m 

i 

Rccreittlabal Adulu. 
RME CTE 

70 
24 

8760 
25550 

100 
1 

SO 
1.OOE-06 

c 
c 
c 
c 

c 
a 
k 

70 
7 

2555 
25550 

50 
1 

25 
1.OOE-06 

5800 e 5000 

1 e 0.2 

chemical-specific 
SO k 25 . 

I.OOE-06 - l.OOE-06 

9 

0.027 

SO 
-I.OOE-06 

b 

m 

k 

9 

0.027 

25 
I.00EO6 

' 

f 
f 
f 
f 

f 
a 

e 

e 

8 

j 
m 

not evaluated 

not evaluated 

1 

100 n 50 
1 ' a 1 ' 

25 . k 13 
l.OOE-06 - l.OOE-06 

4100 e . 3320 

1 n 0.2 
chemical-specific 

25 k 13 
l.OOE-06 l.OOE-06 

n 
a 

.i 

e 

n 
n 
i 

100 
1 

25 
l.OOE-06 

n 
a 
k 

5 8 % e 

1 n 
chemical-s 

25 k 
l.OOE-06 -

50 

13 
l.OOE-06 

5000 

0.2 
lecific 

13 
l.OOE-06 

n 
a 

i 

e 
n 
n 

Constmction Workcri 
RME CTE 

70 c 70 
2 h 1 

730 c 365 
25550 c 25550 

480 c 240 
1 a 1 

250 c 219 
l.OOE-06 - 1.OOE-06 

5800 e 5000 

1 e 0.2 

chemical-specific 
250 c 219 

l.OOE-66 l.OOE-06 

24 b 20 

0.027 m 0.027 

250 c 219 
I.OOE-06 I.OOE-06 

f 
. i 

f 
f 

i 
a 
f 

e 

e 

8 
f 

c 

m 

.f 

not evaluated 

not evaluated 

not evaluated 

not evaluated 

3 a a 

a 

a-

f> 

3 

to o o 

/•r 



Table 6-5. Exposure Assumptions for Residential, Recreational, and Construction Future Land Uses (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

PATHWAY ASSUMKiiON 

Surface Water IngesUon (while wadhig) 
Ingestion rate 
Exposure time 
Exposure frequency 
Conversion factor 

Surface Water Demiai ConUct (wbOe wadhig) 

Skin surface area available 
Periiiesbility coefficien! 
Exposure time 
Exposure frequency 
Conversion factor 

Rabbit IngesUon 
Ingestion rate 
Fraction ingested 
Exposure frequency 

Fish Ingestion 
Ingestion rate 
Fraction ingested 
Exposure frequency 

UNFTS 

ml/hour 
hour/day 
days/year 

mg/f l 
and Uml 

cm' 
cn'hcur 
hour/day 
days/year 

mg/(ig 

and Uem 

kg/dsy 
none 

days/year 

kg/day 
none 

days/year 

FUTURE LAND IJSE 
Resident Childreo 

RME 

SO 
1 

' 45 
1.OOE-06 

2010 
chet!! 
1 

45 
l.OOE-06 

0.050 
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Constmction Workers 
RME CTE 

not evaluated 

not evaluated 

not evaluated 

not evaluated 

> c tg 

a - EPA 1995c. EPA Region IV guidance 

b - EPA 1989b, Exposure Facton Handbook (EFH); the inhaialion rale for construction workers was based on the reasonable worst-case outdoor inhalation rate of 3 m /hour and assuming an 8-hour work day; the inhalaiion rate Tor 
trespassers corresponds to approximately 4 hours of moderate adivity per day 

c - EPA 1991a, Human Health Evaluation Manual. Supplemental Guidance: Standard Defaull Exposure Factors 
d - EPA 1991b. defaull values from Human Health Evalualion Manual, Part B 
e - EPA 1992a, Dermal Exposure Assessment; for skin surface area available during soil, sedimem, and surface water dermal contact, assumes 25 perceni of total body surface area is exposed (pp. 8-10 and 8-12 of EPA 1992a) 
r - EPA 1993a, Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure; the RME soil ingestion rate for the construction worker is for contaci intensive aclivilies 
g - A defaull value of 1.0 perceni for organic compounds and 0.1 percent for inorganic chemicals was used 
h - The RME exposure duration for construclion workers assumes 2 years of construction at an exposure unit 
I - The CTE value has been estimated as one-half of the RME value 
j - If guidance is not available for the CTE but does exist for the RME. the RME value was adopted as the CTE 
k - For the recreational receptor, thc RME frequency of exposure to soil corresponds to approximately 2 days [>er week for 6 months and the RME frequency of exposure to sediment and surface water under a wading scenario corresponds 

to approximately I day per week for 6 months 
I - Dermal permeability constants used in this risk assessment are presented in Appendix 1. Chemical-Speci He Values Used in Evaluation of Dermal Exposure Palhways 
m - Average 24-hour average PM]3 concentration detected at the Childersburg, Alabama air sampling station for the period 1/90 through 6/91 (ESE 1995a> 
n - For sediment exposures, due to limited available information, the ingestion rate, adherence factor, and dermal absorption factor are the same as for soil exposures 
o - Assumes that all rabbit and fish ingested is from the study area under investigation 
p - The fish ingestion rate was taken from the Alabama E)epartment of Environmental Management (ADEM); the adult and recreational child rabbit ingestion rate is the average ingestion rate for beef consumption in Exposure Factors 

Handbook (EPA 1989b); the residential child ingestion rate is one-half the adult ingestion rate 
. q - Professional judgment 

r -Assumes that fish is eaten on one-third ofthe days in the year 

r 'a '.a 

O 
O 



Human Health Risk Assessment 

For carcinogens, however, EPA believes that assumption of a threshold is inappropriate 
(EPA 1989a). An extremely low level ofexposure to a carcinogen inay result in chromosomal or 
enzyme changes leading to cancer. Therefore, EPA does not estimate a threshold for carcinogens. 
Instead, EPA uses a two-part evaluation in which a chemical is assigned a weight-of-evidence 
classification and a CSF is calculated for the chemical. In risk assessment, the CSF is used to 
estimate the probability ofa cancer effect occurring in an exposed receptor over a lifetime. 

The weight-of-evidence classification evaluates the evidence that a given chemical is a 
carcinogen to humans and animals. These ratings are as follows: 

• ^—Human carcinogen 

• Bl—Probable human carcinogen; limited human data are available 

• B2—^Probable human carcinogen; sufficient data in animals, and inadequate or no 
evidence in humans 

• C—Possible human carcinogen 

• D—^Not classifiable as to hiunan carcinogenicity. 

EPA develops CSFs for carcinogens that have been classified as A, Bl, and B2 and for 
many that have been classified as C. The CSFs are in units of inverse dose: (mg/kg/day)''. 

Many ofthe toxic effects reported in the literatiu^ occur at much higher exposure levels than 
are likely for thie substances that have been released into the enviromnent at ALAAP Area B. This 
is an artifact resulting from the necessity of applying high doses to laboratory animals to elicit 
observable effects in a short period of time. Similarly, studies evaluating relatively high exposures 
to humans in occupational settings may have been used to develop some toxicity values that will be 
applied to residential exposures. In other cases, the route of exposiu'e to a chemical influences the 
effects that afe exhibited by a substance. The exposure route used in the experimental study 
(e.g., gastric gavage using a com oil vehicle) may not relate to the exposure route being considered 
in the risk assessment. 

The toxicity assessment process is complicated by the fact that toxicity values are not 
readily available for all exposure routes or all chemicals. However, EPA has provided guidance for: 
the dermal contact route, lead, polycyclic aromatic hydrocarbons (PAHs), use of provisional toxicity 
values, and chromium. 

6.3.1 Dermal Contact Route 

EPA toxicity values are available only for the oral and inhalation routes. In addition, most 
of these toxicity values are based on administered rather than absorbed dbse. (The administered 
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dose is the amount of chemical at an exchange boundary, such as skio, that is available for 
absorption; the absorbed dose is the amount of chemical actually absorbed into the bloodstream.) 
The intake liquations for dennal contact exposures calculate absorbed dose (by incorporating a 
dermal absorption factor or a permeability coefficient). Thus, it is necessary to convert the 
administered-dose toxicity vdue to an absorbed-dose toxicity value to calculate risk. 

In accordance with FLAGS (EPA 1989a), absorbed-dose toxicity values were derived from 
the oral adnuinistered-dose tcxicity values to estimate risk associated with the dermal contact route. 
Adjustment of the oral administered dose toxicity values from absorbed-dose toxicity values 
requires sufficient data from the principal laboratory studies on oral absorption efficiency 
(i.e., gastrointestinal absorption factors) in the species on which the toxicity values are based. 

Using these data, the administered-dose toxicity value was multiplied (if it is an RfD) or 
divided (if it is a CSF) by the gastrointestinal absorption factor to derive a toxicity value based on 
the absorbed dose. In cases where chemical-specific absorption factors are not available, EPA 
Region IV piovides default absorption factors of 80 percent for VOCs, 50 percent for semivolatile 
organic compounds (SVOtZs), and 20 percent for inorganic substances (EPA 1995c). The 
gastrointestinal absorption factors used in this risk assessment, including the toxicity values used to 
evaluate the dermal pathwaj' are included in Appendbc N. Dennal permeability coefficients and 
dermal absorption factors are included in Appendix M. 

6.3.2 Lead 

EPA does not provide a verified RfD or CSF for lead. The evaluation of lead was 
conducted by first comparing the maximum detected concentration at each exposure unit to the soil 
screening level of 400 mg/kg (EPA 1994a and 1994b) and to the action level in drinking water of 
15 ng/L {EP.̂ . 1995e). If the maximum detected concentrations were less than or equal to these 
levels or if lead was eliminated in the background comparison, no further evaluation was conducted 
in accordance with EPA Region iV guidance (EPA 1995c). If maximum concentrations were 
greater than these levels, exijosiu-es were evaluated in two ways. For children, exposures to lead 
were analyzed by estimating blood lead levels using EPA's Integrated Exposure Uptake Biokinetic 
(lEUBK) computer model, LEAD 0.99d (EPA 1994c). Because the EPA model is applicable only 
to children, a, model developed by EPA's Technical Review Workgroup for Lead (1996b) was used 
to estimate blood lead levels in adult workers. The model is not applicable to adults in a residential 
setting. Section 6.4.2 discusses the methodology and application of these models. 

6.3.3 Polycyclic Aromatic Hydrocarbons 

Most PAH compounds do not have published RiDs for noncancer eflects, and only 
benzo(a)pyrene has a published slope factor for cancer effects. Therefore, EPA has provided 
interim guidance for evaluating some carcinogenic PAHs (EPA 1995c and 1993b). EPA 
recommends using toxicit> equivalence factors (TEFs) to convert each carcinogenic PAH 
concentration to an equivalent concentration of benzo(a)pyrene. The concentration is adjusted 
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recognizing that there are no slope factors for any of the carcinogenic PAHs other than 
benzo(a)pyrene. TEFs are provided for seven PAHs (Table 6-6) and have been incorporated into 
the risk assessment. These values are related-to,the toxicity of benzo(a)pyrene and are based on 
reliable studies in which PAHs caused cancer after repeated exposures to mouse skin. 

Table 6-6. TEFs for Carcinogenic PAHs 
Alabama Army Ammunition Plant Childersburg, Alabama 

Compound 

Benzo(a)pyrene 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Indeno( 1,2,3-cd)pyrene 

TEF 

1.0 . 

01 
0.1 

0.01 .^ 

0.001 

1.0 

O.I 

Source: EPA Region IV guidance (EPA 1995c) 

In accordance with EPA Region IV guidance (EPA 1995c), dermal contact and inhalation of 
carcinogenic PAHs were evaluated using the oral slope factor listed in IRIS and an inhalation slope 
factor (3.1 mg/kg-day)"', respectively. The same procedures used for oral exposures to c£ircinogenic 
PAHs (i.e., converting carcinogenic PAH concentrations to benzo(a)pyrene equivalent 
concentratipns) also were applied to the dermal and inhalation exposures. The inhalation slope 
factor is a provisional toxicity value that is based on an inhalation study bn hamsters. For PAHs 
exhibiting noncancer effects without EPA-approved RfDs, the RfD for pyrene was used as a 
sunogate. 

The concentration adjustment is shown in Appendix N on the tables formatted using the 
same stiiictiire specified for Table 8 in RAGS Part D (EPA 1998a). The "Medium EPC Value" is 
the benzo(a)pyrene equivalent concentration. 

6.3.4 Provisional Toxicity Values 

Provisional toxicity values are available for some chemicals that have no current EPA-
verified RfD or CSF. These values afe issued by EPA's Superfund Health Risk Technical Support 
Center-National Center for Environmental Assessment of EPA (SHRTSC-NCEA). Provisional 
toxicity values were used in the baseline risk assessment (BRA) for ALAAP Area B. 

Risk managers should recognize that cases in which provisional toxicity values are used 
should not generally be regarded wdth the same level of review as for EPA-verified toxicity values. 
For example, using provisional toxicity values may cause trichloroethylene to be identified ais a 
chemical with human health effects exceeding EPA targets. The decision to remediate should be 
tempered with the understanding that the toxicity value is provisional, and may represent a low level V 
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of review relative to EPA-verified toxicity values. Appendix N presents the toxicological data used 
in the risk assessment in tables stmctiu-ed like Tables 5 and 6 in RAGS Part D. 

6.3.5 Chromium , 

At /u-ea B, samples were analyzed for the presence of hexavalent chromium in each 
medium. Of approximately 85 samples collected, only 3 samples (2 soil and 1 groundwater) showed 
detectable levels of hexavalent chromium. The two detections in soil were 2.3 parts per million 
(ppm) in Study Area 22 and 1.7 ppm in Study Area 19. In each case, the ratio of hexavalent to 
trivalent chromium was less than 6 percent. In groundwater, hexavalent chromium was detected at 
20 parts per billion (ppb) in one well that is upgradient of Study Area 2. Hexavalent chromium was 
not detected in the other wells in which it was analyzed. 

As a conservative measure, even if hexavalent chromium was not detected in any of the 
samples, the risk assessment assumed that 10 percent ofthe chromium was in the hexavalent form. 
Therefore, the risk assessment for hexavalent chromium was conducted as follows: 

• If both hexavalent and total chromium were detected as a given exposure unit, the 
monitoring data were used to calculate separate risks for hexavalent and trivalent 
chromium (using the total chromium concentration to calculate risks for the trivalent 
form, which is conservative). 

• If monitoring dala were available only for total chromium at a given exposure unit, the 
risk assessment assumed a 9:1 ratio of trivalent to hexavalent chromium. The ratio was 
used to adjust lhe total chromium concentration yielding separate hexavalent and 
trivalent chromium exposure point concentrations. Risk assessment was then conducted 
on the two separate concentrations. 

The issue of valence is important for chromiiun because hexavalent chromium is a 
carcinogen by inhalation (whereas the trivalent form is not) and has a more stringent (i.e., lower) 
RfD than trivalent chromium (chromium IU). 

Based on the known history of past practices at the study areas under investigation, there 
were no processes at the stuciy areas in which hexavalent chromium was produced. In soil, trivalent 
chromium and its complex(JS generally are very stable, whereas hexavalent chromium is highly 
unstable. Hexavalent chromium is readily reduced to tiivalent chromium in the presence of organic 
matter and by residual amiounts of iron in weathering minerals (Eary and Rai 1989). This 
infonnation supports the use ofthe 9:1 ratio of trivalent to hexavalent chromium where speciation 
was not conducted. 
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6.4 RISK CHARACTERIZATION 

Risk characterization combines exposure estimates with toxicity values to calculate HQs, 
cancer risks, or blood lead levels for all exposed human receptors defined in the human health risk 
assessment. The objective of the human health risk characterization is to determine whether 
exposure to chemicals at the study area poses risks that exceed target levels for human health 
effects. The results ofthe human health baseline risk assessment help determine if remediation is 
needed at any of the Area B study areas. 

6.4.1 EPA Methods tor Risk Characterization 

This risk characterization presents a separate evaluation of noncancer and cancer effects. 
EPA methods distinguish cancer from noncancer effects because organisms typically respond 
differently following exposure to noncarcinogenic or carcinogenic agents. 

The risk characterization requires that the potentially toxic effects associated with exposures 
to each ofthe COPCs be combined across environmental media and exposure routes. As described 
in the exppsure assessment, it is reasonable to assume that a receptor could be exposed to COPCs 
through multiple exposure routes in multiple media. Thus, it is reeisonable to combine the hazards 
and risks to develop receptor total risk and hazard estimates. 

The cancer risk is the probabiUty of excess (incremental) lifetime cancer risk (ELCR) for an 
individual that can be attributed to long-term exposure to chemicals. To derive an estimate of risk 
for low levels (i.e., below estimated risks of 0.01), the following equation is used: 

Risk = CDI X SF 

Where: 

Risk = A unitiess probabihty ofan individual developing cancer 
CDI = Chronic daily intake aiveraged over 70 years (mg/kg-day) 
SF = Slope factor, in (mg/kg-day)"'. 

To derive an estimate of risk for high levels (i.e., above estimated risks of 0:01), a different 
equation is used, as follows: 

Risk=l-exp(-CDlxSF) 

Where: 

Risk = A unitless probability ofan individual developing cancer 
exp = Exponential 

V 
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CDI = Chronic daily intake averaged over 70 years (mg/kg-day) 
SF = Slope factor, in (mg/kg-day)"'. 

For multiple carcinogens, the risk for each compound has been summed to provide an 
overall estimate of risk for cancer effects (EPA 1989a). 

For noncarcinogens, lhe chronic daily intake or dose experienced by the exposed individual 
is divided by the RfD. The resulting value is the HQ and is a measure ofthe possibility of adverse 
noncancer effects. To evaluaite exposure from more than one noncarcinogen, the HQs are summed 
for all chemicals under evaluation to obtain the hazard index (HI). 

After individual path>vay risks are calculated, risks or His are combined across pathways for 
each receptor. A more detailled discussion of EPA's methods for risk characterization is presented 
in Appendix M, Section M.3. 

6.4.2 Risk Characterization Methods for Lead 

Health effects associated with low-level lead exposures include reproductive effects, 
nervous system effects, and leaming disorders. Current toxicologic studies indicate that there may 
be no threshold ofexposure to lead below which adverse effects do not occur. Given the uncertainty 
surrounding im acceptable exposure below which there would be no adverse effects for lead, EPA 
has withdrawn the RfD for lead from IRIS and HEAST. Lead also is classified as a B2 carcinogen 
(probable human carcinogen), but has no EPA-verified CSF. 

At study areas where lead was not eUminated in the background comparison and the 
maximum detected concentration exceeded the 400 mg/kg screening level in soU or the 15 |ig/L 
action level in drinking water (EPA 1995c), models were used to estimate blood levels of lead in 
human receptors. Measured soil and groundwater concentrations were used to run the models. The 
risk characterization for lead is based on two different uptake models—one for children in a 
residential se;tting and one for aduh workers in £in occupational setting. Modeling is necessary 
because blood lead levels in exposed populations were not directly measured. 

The analysis for children was conducted using a biokinetic model developed by EPA for this 
purpose. This model, LEAD 0.99d (EPA 1994c), was developed by EPA to estimate blood lead 
levels in children (from the ages of 0 to 6 years) based on uptake of lead originating from various 
sources in the environment. This model is not appUcable to children older than 6 years or to adults 
(EPA 1994d). Therefore, it was used to calculate blood lead levels only for the resident child 
receptor. Blood lead levels were not calculated for the recreational child receptor. No adjustment 
was made to the default absorption methodology used in the model. The model does not distinguish 
among different forms of leaii. 

For aduk workers, SMC used a model developed by EPA's Technical Review Workgroup 
for Lead. The model assumes a baseline blood level and uses various exposure parameters along 
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with a biokinetic slope factor to estimate blood lead levels. The model is designed to evaluate and 
protect the fetuses of pregnant working women and therefore incorporates a factor that converts the ^ 
blood lead level in the mother to the blood lead level in the fetus. The basic equation uses the 
biokinetic slope factor to relate total intake of lead to blood lead. The equations used for evaluating 
lead exposures to adult workers are presented in Appendbc M, Section M.4. 

Both models provide defauh values for many ofthe parameters. In the case of the lEUBK 
model for children, these include dietary, matemal, and other sources of lead that are unrelated to 
site contamination, and the geometric standa-d deviation (GSD) for the blood lead uptake. The 
defaults were used, with the exception of the site-specific concentrations of lead in soil and 
groundwater. In the case ofthe model for aduh workers, recommended default parameters and the 
site-specific concentration of leaid in soil also were used. However, a range of values is provided for 
the GSD and background or baseline level of lead. The proper value to select from each of these 
ranges is supposed to be based on site-specific demographics such as age, gender, and race. 
Specifically precluding certain demographic segments from the risk assessment is questionable. 
Given the hypothetical nature ofthe future residential scenario, the most conservative default values 
were used in the model for adult workers. For both models, the arithmetic mean value was used as 
the exposure point concentration. The results of the lead analyses are presented in Section 6.4.4. 
Model parameters are provided in Appendix M. " 

6.4.3 Interpretation of Risk Assessment Resulte 

EPA has established target risk levels for use in determining the need for remecUation. The ^ 
risk characterization calculates risks and compares these to target levels. If these levels are 
exceeded, the COCs responsible for the exceedances are identified. COCs are the chemicals carried 
into the FS and on which the remediation is focused. As opposed to COPCs, COCs are identified 
after the quantitative risk assessment has been conducted. 

Using EPA Region IV guidance (EPA 1995c) and guidance presented in the National Oil 
and Hazardous Substances Pollution Contingency Plan (NCP) (EPA 1991c), COCs in the human 
health risk assessment are defined as chemicals that significantiy contribute to a pathway that 
exceeds a 1 x 10^ risk or an HI of 1. Chemicals are not considered COCs if their individual 
carcinogenic risk is less than 1 x 10"̂  or their noncarcinogenic HQ is less than 0.1. For noncancer 
effects, ifthe pathway HI exceeds 1, chemicals are segregated according to which organ they tafget, 
and the pathway HI is recalculated. Chemicals contributing to target organ His (TOHIs) less than or 
equal to 1 are eliminated as COCs. COCs have been identified separately for each land use scenario 
and receptor, and may either independently exceed targets or combine to exceed targets. 

Lead exposures are assumed to pose an unacceptable risk if the blood lead level of the 
resident child or the fetus of an adult female exceeds the proposed benchmark concentration 
developed by the Centers for Disease Control and Prevention (CDC). (Note that the adult model is 
designed to evaluate and protect the fetuses of pregnant working women.) Under this guideline, 
there must be a 95 perceht probabUity that blood lead levels wUl not exceed 10 ng/dL m the fetus V^ 
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of the pregnant woman worker. If blood lead levels exceed this guideUne, lead is identified as a 
\ ^ COC. 

In accordance with liPA Region IV guidance (EPA 1995c), chemicals exceeding ARARs 
are also designated as COCs, along with any chemicals that exceed EPA targets as determined in 
the human health and ecoloigical risk assessments. At Area B, groundwater concentrations were 
compared to State and Federal MCLs (see Table 6-1). 

After the COCs have been identified, remedial goal options (RGOs) are calculated for each 
COC in accordance with EPA Region IV guidance (EPA 1995c). RGOs are cUscussed and 
presented in Section 6.7. 

6.4.4 Resulte 

This section discusses the RME risk estimates for the Area B study areas. Risks are 
presented sepiarately for each study area. This section presents only RMEs; CTE risks are discussed 
in Section 6.5. For each situdy area, a risk characterization table summarizes the risks for aU 
receptors and all media. If COCs were identified, subsequent tables present the risks associated 
wdth each COC by receptoi. These tables do not show the risks for aU COPCs because this 
infonnation is presented m Appendbc N. 

In the following risk characterization summary tables, soU risks were calculated and are 
^ * ^ presented separately for surface and subsurface soils. In addition, combined risks 

(siunming multiple chemicals, pathways, and media) were totaled separately for surface and 
subsurface sciUs. It is not appropriate to add the surface and subsurface soil risks together because a 
weighting factor that would portion exposure between the two soil horizons was not incorporated 
into the risk aissessment. Note that residents were evaluated for exposure to subsuiface soil because 
ofthe possibiUty of soil redistribution. During excavation and regrading, soUs that were 1 to 10 feet 
BLS may be redistributed at the surface. 

Groundwater risks are discussed separately and were not summed with the soU, sediment, or 
biota risks in the Risk Characterization Summary tables. The groundwater risks at Area B greatly 
exceed EPA targets for most ofthe exposure units. Summing His and cancer risks for groundwater 
and other media results in risiks that exceed EPA targets for every exposure unit'. Therefore, risks 
are presented separately to more easily distinguish which risks are related to a given medium. 

In a simUar manner, when both site-specific soU and groundwater concentrations for lead are 
used in the models, blood lead levels exceed the CDC target for every study area due to the high 
concentrations of lead in the groundwater. In an effort to concentrate on lead problems associated 
wdth a spectSc medium, the lead model was fu^t run using site-specific soU concentrations and 
model default groundwater concentrations and then repeated using site-specific groundwater 

Cancer risks are sununed separately frotn noncancer risks. 
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concentrations and model default soU concentrations: The fesults of the lead analysis for all 
exposure units are provided in Table 6-7. Lead results also are discussed briefly in the foUowing 
subsections where screening levels were exceeded. 

6.4.4.1 Study Area 2 - Smokeless Powder Facility 

The pathways evaluated at Study Area 2 are soU ingestion, dermal contact, and inhalation of 
suspended soU particulates for all receptors. The RME risk characterization summary for Study 
Area 2 is presented in Table 6-8, and COCs for. each pathway and receptor are Usted in Tables 6-9 
through6-14. 

Industrial Scenario 

For industrial workers exposed to surface soU, the combined cancer risk under RME 
assumptions is 8 x 10^, which is above the target cancer risk of 1 x 10^. The combined RME HI of 
0.9 faUs below the target HI of 1. The foUowing COCs were identified for the industrial worker at 
Study Area 2 based on cancer effects: .. 

surface soU ingestion cancer risk = 5 x lO"̂  
surface soU dermal contact cancer risk = 2 x 10"̂  

surface soU ingestion cancer risk =1 x lO"̂  
surface soU dermal contact cancer risk = 4 x 10"̂  

surface soU ingestion cancer risk = 1 x lO"̂  
surface soU dermal contact cancer risk = 4 x 10^ 

surface soU ingestion cancer risk =1 x lO'̂  
surface soU dermal contact cancer risk = 4 x lO'̂  

surface soU dermal contact cancer risk = 2x10"^ 

surface soU ingestion cancer risk = 3 x lO'̂  
surface soU dermal contact cancer risk =1 x lo^ 

indeno(l,2,3-cd)pyrene: surface soU ingestion cancer risk = 4 x lO"̂  
surface soU dermal contact cancer risk =1x10'^ 

arsemc: 

benzo(a)anthracene: 

benzo(a)pyrene: 

benzo(b)fluoranthene: 

benzo(k)fluoranthene: 

dibenzo(a,h)anthracene: 

Construcdon Scenario 

For constmction workers exposed to soU, the combined cancer risks under RME 
assumptions are 2 x 10^ for surface soil exposure and 1 x lO'̂  for subsurface soU exposure. The 
combined RME HI of 2 (for both surface and subsurface soU exposure) exceeds the tafget HI of 1. 

V 
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Table 6-7. Summary of Lead Results 
Mean Blood Lead Concentration at 95th PercentUe (CDC Target = 10 /tg/dL) 

Exposure Unit 

2 - Smokeless Powder Facility 

3 - Sanitary Landfill and Lead Facility 
4 - Manhattan Projea Area 

5 - Red Water Stoiage Basin 

6 - Southeni TNT Manufacturing Area 
7 - Northem TNT Manufacturing Area 

8 - Acid/Organic Manufacturing Area 

8 - Test pits 

9 - Aniline Sludge Basin 

9 - T a r 
9 - Sediment Beneiilh Tar 
10 East - Tetryl Manufacmring Area 

10 West - Tetryl Manufacturing Area 
16 - Flashing Ground 
17 - Propellant Shipping Area 
18 - Blending Tower Area 
19 - Lead Facility 

20 - Rifle Powder Finishing Area 
2 1 - R e d Water Dilch 
22 - Demolition Umdfill 
25 - Storage Battery/Demo! ition Debris 
26 - Crossover Ditch 

27 - Beaver Pond Drainage System 
CERFA - Building 6 - Coke Oven 

CERFA - Transfoimer Storage Bldg. & Utility Poles 

CERFA - Underground Storage Tanks 
CERFA - Gas Station 

CERFA - Fertilizer and Pesticide Storage 
Talladega Creek 

Groundwater - Areas 16 and 19 
Groundwater - Main Industrial Area 
Groundwater - Blending/Shipping Area 
Groundwater - Smokeless Powder Area 

Fetus of 
Industria] Worker 

Oxg/dL) 

9 

7 

8 
9 

7 

12 

Fetus of 
Constr. Worker 

Surface Soil 
(Mg/dL) 

11 

8 

9 
11 

7 

18 

Fetus of 
Constr. Worker 

Subsurface Soil 
Oig/dL) 

9 

9 

9 

27 

Resident Child 
Groundwater & 

Surface Soil 
(Mg/dL) 

18 

9 

26 

13 
18 

6 

6 
35 

6 
39 
100 
18 

Resident Child 

Groundwater & 

Subsurface Soil 
(;ig/dL) 

13 

11 

12 

49 

5 
39 
100 
17 

CDC target is to mitigate lead exposures so that mean blood lead concentrations do not exceed 10 ug/dl 95 perceni of the time. 
CDC - Centers for Disease Conlrol and Pr<;vention 
- Blood lead levels not evaluated due to laclc of data or lead concentrations below screening levels 

Final RI Report 6-35 August 2001 



Table 6-8. RME Risk Characterization Summary for Study Area 02 (Current/Future and Future Land Uses) 
Smokeless Powder Facility, Alabama Army Ammunition Piant, Childersburg, Alabama 

Medium Exposure 

Route 

Surface Soil Ingestion 

(0 to < 1 ft BLS) Dennal Contact 

Inhalation 

Subtotal 

Subsurface Soil Ingestion 

(1 to 10 n BLS) Dennal Contact 

Inhalation 

Subtotal 

Sedimem Ingestion 

Demiai Coniact 

Subtotal 

Suiface Water Ingestion 

Dennal Coniact 

Sublotal 

Groundwater Ingestion 

Dennal Coniact 

Inhalation 

Subtotal 

Rabbit Ingesibn 

Subtotal 

pish Ingestion 

Subtotal 

Surface SoU (0 lo < 1 ft BLS), Sedhnent, Surface 

Combhied Hazard Index: 

Combhied Cancer Risk: 

Subsurface Soil (I to 10 fl BLS), Sedlmenl, Surfa 

Combined Hazard Index: 

Combhied Cancer Risk: 

Cancer Risk 

Industrial 

Worker 

2E-(V4. E 

6E-04 E 

2E.06 B 

8EW E 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Construction 

Worker 

IE-04 B 

3E-05 B 

2E.07 B 

2 E * 1 E 

IE-05 B 

2E-06 B 

6E-I0 B 

I E ^ 5 B 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA . 

NA 
NA 

Waler, Groundwater, RabbHs 

8E-04 E 2E-04 E 1 

Recreational 

Child 

IE-04 B 

2E-04 E 

4E-07 B 

3E-04 E 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

and Fish 

3E-M E 1 

ce Waler, Groundwater, Rabbits, and Rsh 

NA lE-o; B 1 NA 1 

AduH 

IE-04 B 

2E-04 E 

4E-07 B 

3E-04 E 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

3E-04 E 

NA 

Residential 

ChUd 

2E-03 E 

IE-03 E 

5E-06 B 

3 t 0 3 E 

IE-04 B 

4E-05 B 

IE-OS B 

. 2E-04 E 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 3E-03 E 

1 2E-(M E 

Adult 

2E-03 E 

IE-03 E 

5E-06 B 

3E.03 E 

IE-04 B 

4E-0; B 

IE-08 B 

2EMM E 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 3E-03 E 

1 2E-04 E 

Noncancer m | 

Industria] 

Worker 

2E-0I 

2E-0I 

5E-0I 

9E-01 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

B 
B 
B 
B 

Constnictton 

Worker 

IE-l-00 B 

2E-0I B 

6E-0I B • 

2E+00 E 

IE-l-00 B 

2E-0I B 

8E-0I 

2E-(-00 E 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Recreational 

ChUd 

9E-02 B 

5E-02 B 

IE-OI B 

2E-0I B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Aduh 

6E-02 B 

5E-02 B 

4E-02 B 

2E.0I B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Residential | 

CbUd 

4E-(-00 E 

5E-01 B 

2E-hOO E 

7E-I-00 E 

4E-I-00 E 

SE-01 B 

3E-t-00 E 

8E+00 E 

NA 
NA 
NA , 

NA 
NA 
NA 

NA . 

NA 
NA 
NA 

NA • 

NA 

NA 
NA 

Aduh 

4E-0I B 

3E-0I B 

7E-0I B 

lE-hOO B 

4E-0I B 

3E-0I B 

9E-0I B 

2E-f00 E 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

9E-0I B 1 2E-I-00 E 1 2&0I, B 1 2E-01 B |7E-(-00 E 1 IE+00 B 1 

NA 1 2E-f00 E 1 NA 1 NA I8E-I-00 E I2E-I-00 E 1 

• • , 

3 

f i 

I 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

0E-(-00 - pathway evaluated bul no risks could be calculated due to lack of EPA-approved toxicily values 

B - HI i 1 or ELCR <. 10* 

E - HI > I or ELCR > Iff* 

• r ' r ( 
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Table 6-9. Summary of Receptor Risks and Hazards for COCs at Study Area 02 
Reasonable Maximum Exposure 

Smokeless Powder Facility, Alabama Army Ammunition Plant, Childersburg, Alabama 
ItSccnario Timefnine: 
btcccptor Population: 
Pecep to r Age: AduU 

Current/Future 1 

Industrial Worker 

> 
c eg 

o o 

Medium 

Surface St>il 

Expoiure 

Medium 

Snil 

Air 

Exposure 

Poinl 

Smokeleu Powder Ficility 

Smokeless Powder Ficility 

Chemial 

Aluininum 

Anenic 

Cbromium. trivilent (usumcd) 

Chromium, hcuvilent (sssumed) 

Iron 

Minginese 

Vinidium 

Bcnzo(i)anthrKene 

HCT nHsJpy rene 

Benzo(b)fl uoranthene 

Benzo<k)fl uoranthene 

lndeno(1.2,3-cd)pyrenc 

rroiii) 

Aluminum 

Araenic 

Chromium, trivilent {issumed) 

Chromium, hexivilent (issumed) 

Iron 

Mingioese 

Vinidium 

BenzD(i)inth racene 

BenzD(i)pyrene 

BenzD(b)f1 uoranihene 

BenzD(k)f1 uoranihene 

DibeimHi ^ ) in th racene 

[Tottl) 

Carcinogenic Risk 

Ingestion 

5.4I5E-06 

I.I48E-05 

M.OUOl15 

I.I48E-05 

2.351 E-05 

3.S27E-06 

0.000173 

Inhalaiion Dermal 

I .S32E-06 

4.296E-05 

t>.000430 

4.296E-05 

9.546E-03 

1.432E-OS 

0.000627 

Exposure 

Route* Tottl 

6.947E-06 

3.444E-03 

0.000544 

5.444E-05 

0.000121 

1.815E-05 

0.000799 

Chcmicil 

Aluminum 

Arsenic 

Chromium, trivilent (assumed) 

Chromium, hexavalent (assunted) 

Iron 

Manganese 

Vanadium 

Benzo<a)anlhracene 

Bcnzo(a)pyr«K 

Benzo(b)fluoranihcne 

Benzo(k)f1uoranihene 

Dibenzo(a ,h)anlhraccne 

Indenod ,2,3-cd)pyrCTe 

fTotal) 

Aluminum 

Areenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganete 

Vanadium 

Bcnzo<a)anlhracene 

Ben2D(a)pyrene 

Benxo<b)nuoraRthene 

Ben2u<k)n uoranihene 

Dibenzo<a ,h )anlhracene 

lndeno(1.2,3-cd)pyrene 

CTotal) 

Non-Cartinogenic Hazard (^oiienl 

Primary 

Target Organ 

Ingestion 

r= : 

Inhilition 

--

Dennal Exposure 

Routes Total 

: 
- J 

3 

>a 
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Table 6-10. Summary of Receptor Risks and Hazards for COCs at Study Area 02 
Reasonable Maximum Exposure 

Smokeless Powder Facility, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Tiracframe: Future 

Receptor PnpuUlion: Construction Worker 
Receptor Age: Adult 

I 
t t i 
00 

> 
c 

ts> 
O o 

Medium 

Surface Soil 

Subsurface Soil 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Point 

Smokeless Powder Facilily 

Smokeless Powder Facilily 

Smokeless Powder Facility 

Smokeless Powder Facility 

1 . ^ 

Chemical 

Aluminum 

Areenic 

Chromium, hexavalent (aaaumed) 

Iron 

MangaiKse 

Vanadium 

BcnzD(a)anthracene 

Benzo(a)pyrene 

BenzD<k)fluoranthene 

Dibenzo(a ,h)anthraccne 

lndcoo(U.3<d)pyrene 

[Tottl) 

Aluminum 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadiura 

Benzo(a)a nlhracene 

Benzoyl )py rene 

Benzo(b)nuoranlhene 

Ben2o(k)nuoranthenc 

DibenzD(a Ji)anlhr«cene 

Indenod.2,3<d)pyrene 

CTottl) 

Aluminum 

Iron 

Manganese 

2,4-Dtaitrotoluene 

BenzD(a)pyrene 

BenzD(b)fluoranlhene 

[Tottl) 

Aluminum 

Iron 

Manganese 

2.4-Dlnitrotoluenc 

BenzD(i)pyrcne 

BenzD(b)nuoranthene 

(Tottl) 
J 

Carcinogenic Risk 

Ingestion 

4.I59E-06 

8.8I6E-06 

8 . 8 1 6 E ^ 

8.8I6E-06 

I.959E-05 

2 . 9 3 9 E ^ 

0.000132 

Inhalation Dermal 

I.226E-07 

3.436E-06 

3.436E-05 

3.436E-06 

7 . 6 3 7 E ^ 

I.145E-06 

5.0I4E-05 

--

--

Exposure 

Routes Toul 

4.28IE-06 

1.225E-05 

O.O0O123 

I.225E-05 

2.723E-05 

4.084E-06 

0.000183 

Chemica] 

Aluminum 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Wwntdvtm 

Benn>(»)«nthracenc 

Benzo(a)pyrcne 

Benzo<b)fluormntbene 

Bcnzo(k)fluoranthene 

DibeiiziXa Ji)anthracene 

Indenod.2,3<d)pyrene 

(Tottl) 

Aluminum 

Araenic 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadium 

Ben2D(a)anihr»cene 

Benzx>(b)fIuoranthene 

Beiizo(k)nuoranlheiie 

Dibenzu(a .h)anlh racene 

Indenod .2.3-cd)pyrehe 

fTottl) 

Aluminum 

Iron 

Manganese 

2,4-DinitraColuene 

BenzD(a)pyrene 

BenzD(b)fluoranthcne 

(Total) 

Aluminum 

Iron 

Manganese 

1,4-DliiUrotoluene 

Beni)o(a)pyrene 

BenZD(b)fluonnthene 

[Tottl) 

Non-Carcinogenic Hazard (>tuticnt 

Primary 

Target Organ 

Ingestton Inhalation Dermal Expoiure 

Routes Tottl 

• • 

::' 

-• 

& 

a 

>3 

f t 

a 
3 

,r f f 
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Table 6-11. Summary of Receptor Risks and Hazards for COCs at Study Area 02 
Reasonable Maximum Exposure 

Smokeless Powder Facility, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe: Future 
Receptor FV>pulalion: Recreational User 

r^tor .An;: Child 

as 
I 

U l 

Medium 

Surface Soil 

Exposure 

Medium 

Soil 

Air 

Exposure 

Point 

Smokeleu Powder Facility 

Chcmicil 

Aluminum 

Arsenic 

Chromium, trivalent (auumed) 

Chromium, hcuvalem (usumcd) 

Iron 

Manganeae 

Vanadium 

BenZD<a)anlh racene 

Bea2o(fc)pyicue 

BenZD(b)f1uoranlhene 

Benzo(k)nuonnlhenc 

Diben]D(a ,h)anlhracene 

lndeno( 1.2.3-cd)pyrene 

(Tottl) 

Aluminum 

Arsenic 

Chromium, trivalent (auumed) 

Chmmium. heiavalem (assumed) 

Iron 

Manganese 

Vanadium 

Benzo(a )a nlhracene 

BenzD(a)pyrene 

Bcnzo(b)nuoranthcnc 

BcnZD(k)fluoranlhene 

DibenZD(a .h )a nth racene 

Indeno(l .2.3<d)pyrene 

(Tottl) 

Carcinogenic Risk 

Ingestion 

3.427E-06 

7.265E-06 

7.2(»E-05 

7.265E-06 

I.615E-05 

2.422E-06 

0.000109 

Inhalation Dermal 

4.289E-07 

I.203E-05 

0.000120 

I.203E-05 

2.673E-05 

4.009E-06 

0.000175 

Exposure 

Routes Tottl 

3.856E-06 

I.929E-05 

0.000193 

I.929E-05 

4.287E-05 

6.43 IE-06 

0.000285 

Chemical 

Aluminum 

Araenic 

Chromium, trivalent (auumed) 

Chromium, hexavalent (assumed) 

[ron 

Manganese 

Vanadium 

Ben7»(a)anth racene 

&enzu(c)pyieiie 

Bcnz»(b)fluoranthene 

Bcnzo(k)fluoramhene 

D ibenzi3<a J))anthracene 

Indenod .2.3-cd)pyrenc 

[Tottl) 

Aluminum 

Araenic 

Chromium, trivalent (auumed) 

(^romium, hexavalent (assumed) 

Iroii 

Manganese 

Vanadium 

Benzo<i)anlhracene 

Bcnxo(b)f1 uoranthcDC 

Be nzo(k)fl uoranthene 

Diben2D(a Ji)anihraccne 

lndeno(l,2,3-cd)pyrene 

(Tottl) 

Non-Carcinogenic Hazard Quotient 

Primary 

Targel Organ 

Ingestion Inhalation Dermal Exp<«ure 1 

Routes Tottl 1 

' 
^ 

Pa 
55-

i 
s 

> 
e 

O 
o 



Tl' 
B-

rt 
13 
O 
3 

Table 6-12. Summary of Receptor Risks and Hazards for COCs at Study Area 02 
Reasonable Maximum Exposure 

Smokeless Powder Facility, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Time 

Receptor Popu 
Receptor Age 

frame: 

lation: 
Adult 

Future 1 

Recreational User 

., 1 

ON 

o 

Medium 

Surface Soil 

Exposure 

Medium 

Soil 

Air 

Exposure 

Poim 

Smokeleu Powder Facility 

Chemica] 

Arsenic 

Chromium, trivalent (auumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadium 

Benzo(a)anlhracene 

Bcnzo(a)pyrene 

BenzD(b)fluoranlhene 

Benzn(k)f1uoranthene 

Dibenzo(a .h)anthracene 

lndena<l.2.3-cd)pyrene 

[Toul) 

Aluminum 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hexavalem (auumed) 

Iron 

Manganese 

Vinadium 

Benzo(a)anthraoene 

Bcnzo(a)pyrene 

Benzo(b)fluoranlhene 

Benzo<k)f1uoranlhene 

Dibenzo(a Ji)anlhracene 

lndcno(l.2.3-Gd)pyrene 

(Toul) 

Carcinogenic Risk 

Ingestion 

3.427 E-06 

7.265E-06 

7.265E-03 

7.265E-06 

I.6ISE-0S 

2.422E-06 

0.000109 

--

--

Iniialalion 

--

Dermal 

4.289E-07 

I.203E-O5 

0.000120 

I.203EO5 

2.673E-a5 

4.009E-a6 

0.000175 

Exposure 

Routes Toul 

3.856E-06 

I.929E-0S 

0.000193 

I.929E-05 

4.287E-05 

6.43IE-06 

O.C0O28S 

:. 

Chemical 

Aluminum 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hexavalem (assumed) 

Iron 

Manganese 

Vanadium 

Bcnzc>(a)anthiacene 

BenzD(a)pyrene 

BenzD(b)nuoranthcne 

Benzo(k)nuoranlhcnc 

Dibeiiio(aJi)iiithraccne' 

lndeno( 1,2,3-cd)pyrene 

(Tolal) 

Aluminum 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

lion 

Vanadium 

BenzD<a)anth racene 

BenzD(a)pyrene 

Benz»(b)f1uonnthene 

Bcnz)o(k)fluoranthene 

Dibenzo(a Ji)anifa racene 

lndeno(l ,2.3-cd)pyrene 

[Total) 

Non-Carcinogenic Hazard Quotient 

Primary 

Target Organ 

--

--

Ingestion 

' ' 

- • 

Inhalation 

•-

Dermal Exposure 

Routes Tiiul 

•• 

--

•• 

?= 
a 

Pa 
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a 

> 

O 

o 
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Table 6-13. Summary of Receptor Risks and Hazards for COCs at Study Area U2 

Reasonable Maximum Exposure 

Smokeless Powder Facility, Alabama Army Ammunition Plant, Childersburg, Alabama 
fnario Timeframe: Future 

,occptor Population: Resident 
:eceptor Axe: C^ild 

> 
c 

ro 
o 
o 

Medium 

Surface Soil 

^ubsurfacc Soil 

1 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Exposure 

Poinl 

Smokeless Powder Facility 

Smokeless Powder Facilily 

Smokeless Powder Fscility 

Smokeless Powder Fscility 

a e m i a l 

Aluminum 

Anenic 

Chromium, hexavalent (sssumed) 

Iron 

Manganese 

Vanadium 

BenzD(a)anlhracene 

Beni'Mslpyrene 

Benzo(b)fluoranlhene 

Benzo(k)nuoranlhene 

DibenzD(a.h)anthreccne 

Indenod,2.3-cd)pyrene 

(Toul) 

Aluminum 

Anenic 

Chromium, hexavalent (assumed) 

Iron 

Manganese ' 

Vanadium 

Benn)(a)anlhracene 

Benzo(a)pyrene 

Bcnzo<b)nuoranthene 

Benzij(k)nuoranlhene 

DibcnKHa,h)anthncene 

Indenod,2.3-cd Ipyrene 

(Toul) 

Aluminum 

Iron 

L4-Dinilrou.luene 

Benzolalpyrene 

Benzo(b)(1 uoranthene 

(Toul) 

Aluminum 

Iron 

Manganese 

2,4-Dinitrololuene 

BenzD(a)pyrene 

Benzo(b)f1uoranlhene 

(Toul) 

Carcinogenic Risk 

Ingestion 

4.8S2E-05 

0.000103 

0.00103 

0.000103 

5.7I4E-06 

0.000229 

3.429E-05 

o.miss 

0.000106 

9.7I4E-06 

l.486E^)6 

0.000117 

• -

Inhaialion 

-• 

I.479E-06 

I.890E-06 

I.327E.06 

--
4.696E-06 

-• 

--

Dermal 

2.892 E-06 

8.I07E-05 

ll.l«Jll8ll 

8.I07E-O5 

4.504E.06 

0.000180 

2.702 E-05 

0.00119 

3.039E-05 

7.657E-06 

I . I7IE-06 

3.922E-05 

--
--
--
--

--

Exposure 

Routes Total 

S.I4IE-05 

O.0OOI84 

0.00184 

0.000184 

I.022E-O3 

0.000)09 

6 . I3IE.05 

0.00274 

I.479E-06 

--
I.890E-06 

-. 

I.327E-06 

-. 
4.696E-06 

0.000136 

I.737E-05 

2.657E-06 

0.000156 

--
--

-. 

•-

Chemical 

Aluminum 

Anenic 

Chiomium. Irivalenl (assumod) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadium 

Benzo<a)anthracene 

Hen jn(B)py rene 

BenzD(b)fluoranUiene 

Benzo(k)(luoranthene 

Dibcnn)(s,h)anlhncenc 

lndcno( 1,2,3-cd)pyrene 

(Toul) 

Aluminum 

Arsenic 

Chromium, trivalent (assumed) 

(Thromium, hexavalem (assumod) 

Iron 

Manganese 

Vanadium 

Ben2D(a)anlhncene 

BeiuD(a)pyiene 

BemD(b)l1uoranlhene 

Benzo(k)lluoranthene 

Indenod .2,3-cd)pyiene 

(Tout) 

Aluminum 

Iron 

Manganese 

2,4.Dinitiotoluene 

Ben2o(s)pyrcne 

Bem»(b)fluaranlhene 

(Toul) 

Aluminum 

Iron 

Manganese 

2,4-Dinitrotoluene 

Ben2D(a)pyTcne 

Benzo(b)f1 uoranthene 

(Toul) 

Non-Carcinogenic Hazard (Quotient 

Primary 

Target Organ 

CNS 

--

--
--

CNS 

--
--
--

CNS 

CNS 

--
CNS 

--

.-

Ingestion 

1.74 

0.693 

2.43 

--

--

2.05 

0.906 

0.635 

3.60 

--

--

--

Inhalation 

• • 

--

--
2.36 

--
--

2.36 

-. 

'.-

3.08 

3.08 

Dermal 

0.117 

0.174 

0.291 

--

--

--

. 0 .138 

0.228 

0.0751 

--
--

0.440 

--

• -

Expoisure 1 

Routes Toul 1 

1 86 

0.867 

2.73 

2.36 

-. 

--
2.36 

2.19 

1.13 

0.710 

4.04 

3.08 

3.08 

? 
a 

I 
Ik 

di 

a 
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Table 6-14. Summary of Receptor Risks and Hazards for COCs at Study Area 02 
Reasonable Maximum Exposure 

Smokeless Powder Facility, Alabama Army Ammimition Plant, Childersburg, Alabama 
Scenario Timeframe: Future 
Receptor Populalion; Residem 
Receptor Age: Adull 

Os 

> 
e (g 
sa 
to o o 

Medium 

Surface Soil 

Subsurface Soil 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Exposure 

Poinl 

Smokeless Powder Facility 

Snukeless Powder Facility 

Smokeless Powder FacUity 

Smokeless Powder Facility 

Chemical 

Aluminum 

Arsenic 

Chromium, trivalent (assumed) 

CThiomium. hexavalent (assumed) 

lion 

Manganese 

Vsnadiuro 

Benzo(a)anlhraccne 

Benzo(b)(1uorendiene 

Benzo<k)11 uoranthene 

Dibenzo(a,h)anthracenc 

Indenod .2,3-cd)pyime 

(Toul) 

Atuminum 

Arsenic 

Chromium, trivalent (assumed) 

Chiomium. hexavalent (assumed) 

[ron 

Manganese 

Vanadium 

Benzo(a)anthncene 

Benlo(a)pyrene 

Benxo{b)fluoranlhene 

BenZD(k)fluoranthene 

Dibcnzo(B.h)anthracene 

Indenod ,2,3-cd)pyrene 

(Toul) 

Aluminum 

Manganese 

Z.4-Dinilnltaluene 

Ben2D(b)l1uonnlhene 

(Toul) 

Aluminum 

Iron 

2,4-Dinitrololuene 

Benzolalpyrene 

BenZD(b)fluoranthene 

CToul) 

Caicinogenic Risk 

Ingestion 

4.852E-05 

0.000103 

0.00103 

0.000103 

5.7I4E-06 

0.000229 

3.429E-05 

0.00155 

0.00OI06 

9.714E-06 

I.486E-06 

O.OOOI 17 

• -

Inhalation 

--

I.479E-06 

I.890EO6 

I.327E-06 

4.696E-06 

--

--

• ' • 

Dennal 

2.892E-06 

8.107 E-05 

0.000811 

8.IO7E-05 

4.5O)E-06 

0.000180 

2.702E-05 

0.00119 

3.039E-05 

7.657E-06 

I .17I&06 

3.922E-05 

Exposure 

Routes Total 

S.14IE-a5 

0.000184 

0.00184 

0.000184 

I.022E-05 . 

0.000)09 

6.I3IE-0S 

0.00274 

I.479E-06 

I.890E-06 

I.327E-06 

4.696E-06 

0.000136 

1.737E-05 

2.657E-06 

0.000156 

--

a e m i c a l 

Aluminum 

Araenic 

Chromium, trivilent (assumed) 

Chroraium. hexavalent (assumed) 

Manganese 

Vanadium 

BenzD(a)pyrcne 

BenzD(b)fluorenthene 

Ben20(k)fluoranlhenc 

Dibenzi3(*J))>nlhraccne 

lndeno( 1,2 J-cd)pyrene 

ITot t l )^ 

Aluminum 

Arsenic 

Chromium. Uivalent (auumed) 

Cliromium. hexavalent (auumed) 

Manganese 

Vanadium 

Benzo(a)pyrcne 

BenzD(b)fluor«nthene 

3enzo(k)fluoranthenB 

Dibenzo(a .h)anthricene 

Indenod.2.3<d)pyrene 

(Tottl)-

Aluminum 

Iron . . . 

Manganese 

Z,4-Dinitrotoluene 

Ben2X)(a)pyrene 

Benzo(b)fluoranlhcne 

[Tottl) 

Aluminum 

Iron 

Manganese 

I.4-DinJtnHoluene • 

BeiuD(h)fluoranihene 

[TottI) 

Primary 

Target Organ 

Ingestion Inhalation 

;; 

--

Dermal 

- .-

Exposure 1 

Routes Total 1 

'-:— 

^ 

a 
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Human Health Risk Assessment 

However, noncancer effects were segregated according to target organ. The medium TOHIs for 
surface and subsurface soils (io not exceed the target HI. Therefore, no COCs were identified based 
on noncancer effects. The following COCs were identified for the construction worker at Study 
Area 2 based on cancer effects: 

ajrsenic: 

benzo(a)anthrace)3e: 

benzo(a)pyrene: 

b enzo(b)fluorantJiene: 

d ibenzo(a,h)anthiacene: 

iiideno( 1,2,3-cd)fiyrene: 

surface soD ingestion cancer risk = 4 x 10"̂  

surface soil ingestion cancer risk = 9 x 10"̂  
surface soil dermal contact cancer risk = 3x10"^ 

surface soil ingestion cancer risk = 9 x 10'̂  
surface soil dermal contact cancer risk = 3 x 10'̂  

surface soil ingestion cancer risk = 9 x 10"̂  
surface soil demiai contact cancer risk = 3x10"^ 

surface soil ingestion cancer risk = 2 x lO'̂  
surface soil dermal contact cancer risk = 8 x 10"̂  

surface soil ingestion cancer risk = 3 x 10"* 
surface soil dermal contact cancer risk =1x10"* 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adult receptor is 3 x 10"̂ , which is above the target cancer risk of 1 x 10^. The 
combined RME His of 0.2 for the child and 0.2 for the adult fall below the target HI of 1. The 
following COCs were identUiied for the integrated child or adult recreational receptor at Study Area 
2 based on cimcer effects: 

• arsenic: 

• benzo(a)anthracene: 

• benzo(a)pyrene: 

• tienzo(b)fluorantltiene: 

surface soil ingestion cancer risk = 3 x 10 

siuface soil ingestion cancer risk = 7 x 10"* 
surface soil dermal contact cancer risk = 1 x lO'̂  

surface soil ingestion cancer risk = 7 x 10"̂  
siuface soil dermal contact cancer risk =1 x 10^ 

surface soil ingestion cancer risk = 7 x 10"̂  
surface soil dermal contact cancer risk =1 x 10"̂  

1-5 
dibenzo(a,h)anthracene: surface soil ingestion cancer risk = 2 x 10" 

surface soil dermal contact cancer risk = 3 x lo ,-5 
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Human HeaUh Risk Assessment 

indeno( 1,2,3 -cd)pyrene: surface soil ingestion cancer risk = 2 x 10"* 
siuface soU dermal contact cancer risk = 4x10"* 

Residential Scenario 

-̂3 The combined RME cancer risks for the integrated child or adult resident are 3 x IO""* for 
exposure to surface soil and 2 x IO"' for exposure to subsurface soil. Both are above the target 
cancer risk of 1 x lO"̂ . For noncancer effects, the combined RME His are 7 and 8 (surface and 
subsurface soil exposures, respectively for the child) and 1 and 2 (surface and subsurface soil 
exposures, respectively for the adult). Noncancer effects were segregated according to target organ. 
In both surface and subsurface soils, the medium TOHI for the central nervous system exceeds the 
target HI for the child but not for the adult. The following COCs were identified for residents at 
Study Area 2 based on cancer and noncancer effects: 

• arsenic: surface soU ingestion cancer risk = 5 x 10"̂  
surface soil dermal contact cancer risk = 3 X 10"* 
siuface soil inhalation cancer risk = 1 X 10"* 

• chromium, hexavalent: surface soil inhalation cancer risk = 2 x 10"* 

iron: 

manganese: 

• 2,4-dinitrotoluene: 

• benzo(a)anthracene: 

• benzo(a)pyrene: 

surface soil ingestion HQ = 2 (child) 
siuface soil dermal contact HQ = 0.1 (child) 
subsurface soil ingestion HQ = 2 (child) 
subsurface soil dermal contact HQ = 0.1 (child) 

surface soil ingestion HQ = 0.7 (child) 
surface soil dermal contact HQ = 0.2 (child) 
surface soil inhalation HQ = 2 (child) 
subsurface soil ingestion HQ = 0.9 (child) 
subsurface soil dermal contact HQ = 0.2 (child) 
subsurface soil inhalation HQ = 3 (child) 

subsurface soil ingestion cancer risk = 1 x 10"̂  
subsurface soil dermal contact cancer risk = 3 x 10"' 
subsurface soil ingestion HQ = 0.6 (child) 

surface soil ingestion cancer risk =1 x 10"* 
surface soil dermal contact cancer risk = 8 x 10"' 

surface soil ingestion cancer risk =1 x 10"̂  
surface soil dermal contact cancer risk = 8 x 10"* 
surface soil inhalation cancer risk = 1 x lO"* 

;.. 
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Human HeaUh Risk Assessment 

subsurface soil ingestion cancer risk =1x10" ' 
subsiuface soil dermal contact cancer risk = 8x10"* 

• benzo(b)fluorantliene: surface soil ingestion cancer risk =1 x lO"̂  
surface soil dermal contact cancer risk = 8 x 10"' 
subsurface soil ingestion cancer risk =1x10"* 
subsurface soil dermal contact cancer risk = 1 x lO"* 

• benzo(k)fluorantliene: surface soil ingestion cancer risk = 6 x 10"* 
surface soil dermal contact cancer risk = 5 x lO"̂  

• dibenzo(a,h)anthi"acene: surface soil ingestion cancer risk = 2 x 10"̂  
surface soil dermal contact cancer risk = 2 x 10"̂  

• indeno(l,2,3-cd)pyrene: surface soil ingestion cancer risk = 3x10"' 
surface soil dermal contact cancer risk = 3 x 10"' 

6.4.4.2 Study Area 3 - Sanitary Landfill and Lead Facility 

The pathways evaluated at Study Area 3 are soil ingestion, dermal contact, and inhalation of 
suspended soil particulates for all receptors. The RME risk characterization summary for 
Study Area 3 is presented in Table 6-15, and COCs are listed in Table 6-16. 

Industrial Scenario 

For iindustrial workeirs exposed to surface soil, the combined cancer risk under RME 
assumptions is 2 x 10"', which falls below the target cancer risk of 1 x 10"̂ . The combined RME HI 
of 0.4 falls below the target HI of 1. Therefore, no COCs were identified for the industrial worker at 
Study Area 3. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
assumptions are 1 x lO"' for surface soil exposure and 3x10"* for subsurface soil exposure. Both 
fall below the target cancer risk of 1 x lo^. The combined RME HI of 2 for surface soil exposure 
exceeds the target HI of 1. For subsurface soil exposures, the combined RME HI of 1 equals but 
does not exceed the target H][. In surface soil, noncancer effects were segregated according to target 
organ. The imedium TOHIs for surface soil do not exceed the target HI. Therefore, no COCs were 
identified foi" the construction worker at Study Area 3. 
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Table 6-15. RME Risk Characterization Summary for Study Area 03 (Current/Future and Future Land Uses) 
Sanitary Landfill and Lead Facility, Alabama Army Ammunition Plant, Childersburg, Alabama 

n 
o 

Os 
I 

Os 

> 
C 

O 
o 

Medium Exposure 

Route 

Suilace Soil Ingestion 

(0 to < I ft BLS) Demiai Conlaci 
Inhaialion 

Subtotal 

Subsurface Soil Ingeslion 

( l l o 10 ft BLS) Dennal Conlaci 

Inhalation 

Subtotal 

Setlimeni Ingeslion 

Dennal Contact • 

Sublotal 

.Surface Water Ingeslion 

Dermal Conlaci 

Subtotal 

Groundwaier Ingeslion 

Dermal Contaci 

Inhaialion 

Subtotal 

Rabbit Ingestion 
Subtotal 

Fish Ingeslion 

Subtotal 

Surface Soil (0 to < l ft BLS), Sediment, Surface VI 

Combined Hazard Index: 

Combined Cancer Risk: 

Subsurface Soil (1 to 10 ft BLS), Sediment, Surfac 

Combined Hazard index: 

Combined Cancer Risk: 

Cancer Risk r 
Industrial 

Worker 

IE-05 B 

7E-05 B 

IE-06 B 

2E-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction Recreational 

Worker • Child 

IE-05 B 8E-06 B 

6E-07 B 2E-06 B 

IE-07 B 2E-07 B 

IE-05 B IE-OS B 

NA NA • 

NA NA 

3E-08 B NA 

3E-08 B NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA . 

NA NA 

NA NA 

ater. Groundwater, Rabbits, and Fish 

2E-05 B 1 

e Water, Grour 

NA 1 

IE-05 B 1 IE-05 B | 

dwater. Rabbits, and Flsh 

3E-08 B 1 NA 1 

Adult 

8E-06 B 

2E-06 B 

2E-07 B 

IE-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

IE-05 B 

NA 

Residential 

ChUd 

IE-04 B 

IE-05 B 

3E-05 B 

IE-04 B 

NA 

NA 

9E-07 B 

9E-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA . 

NA 

1 IE-04 B 

1 9E-07 B 

Adult 

IE-04 

IE-05 

3E-06 

IE-04 

NA 

NA 

9E-07 

9E-07 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

IE-04 

9E-07 

B 

B 

B 

B 

B 

B 

B 

B 

Noncancer HI | 

Industrial 

Worker 

2E-0I B 

2E-01 B 

NA 

4E-0I B 

NA 

NA 

NA 

NA 

NA • 

NA 

NA 

NA ,• 

NA 

NA 

NA • 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

2E-K)0 E 

2E-0I B 

NA 

2E+00 E 

lE+OO B 

IE-OI B 

3E-01 

IE+00 B 

NA 

NA 

NA 

NA 

NA 

• NA 

. NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

IE-OI B 

4E-02 B 

NA 

2E-01 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

. NA 

• NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

8E-02 B 

4E-02 B 

NA 

IE-OI B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

. NA 

Residential { 

Child 

5E+00 E 

4E-0I B 

NA 

5E+00 E 

3E+00 E 

3E-0I B 

IE+00 B 

4E+00 E 

NA 

NA 

• NA 

NA 

NA 

NA 

NA 

NA- • 

NA 

NA . 

NA 

NA 

NA 

NA 

Adult 

5E-0I B 

3E-0I B 

NA 

8E-0I B 

3E-0I B 

2E-0I B 

3E-0I B 

8E-0I B 

NA 

• NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

4E-0I B 1 2E+0C E 1 2E-0I B 1 IE-OI B 1 5E+00 E 1 8E-0I B 1 

NA 1 IE+00 B 1 NA 1 NA 1 4E+00 E 1 8E-0I B 1 

NA - pathway nol evaluated or all detected chemicals eliminated as COPCs 

OE+00 - pathway evaluated but no risks could be calculated due to lack of EPA-approved toxicity values 

B - H 1 < 1 orELCR< IO"" • , 

E-H1> 1 orELCR> IO"* , ' 

a 

s 
•* 

r c 
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Table 6-16. Summary of Receptor Risks and Hazards for COCs at Study Area 03 
Reasonable IVIaximum Exposure 

Sanitary Landfill and Lead Facility, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenano Timeframe: Future 
Receptor Pupulaliun: Resident 
Rn-mntrAffe; Ctiilil 

Os 
I 

- J 

1 
Medium 

Surface Soil 

Subsurface Suil 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Es posure 
Pomi 

Sanitary Landnii and Lead Facility 

Sanituty Landfill and Lead Facility 

Saiutary Landfill and Lead Facility 

Sanitary Landnil and Lead Facility 

Chemical 

Aluminum 

Arsentc 

Vanadium 

Bcnzo(a)pyitnc 

[Jen7o(b)nuoramhcne 

(Total) 

Altuninum 

Arsenic 

irun 

Vanadium 

Benzo(a}pyrene 

BeTizo<b)fluonnthcne 

(Tool) 

Chromium, trivalent (as.<aimcd) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

rrotal) 
Chromhim. trivalem (assumed) 

Chromhim, hexavalent (assumed) 

Iron 

Manganese 

(Total) 

Carcinogenic Risk 

Ingestion 

; 

inhalation 

J 

Dermal Exposure 
Routes Total 

Chemical 

Aluminum 

Arsenic 
Imn 

Vanadium 

Benzo(a)pyrenc 

Dcnzo(b)fluoranthcne 

(Total) 

Aluininum 

Arsenic 

Iron 

Vanadium 

Bcnzo(a)pyrcne 

Bcnzo(b)fluoranthene 

(Totil) 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

[Total) 

Chromium, trivolcnt (assumed) 

Iron 

Manganese 

(Total) 

Non-Carcinogenic Hazard Quolient 

Primary 

Target Organ 

skin 

CNS 

CNS 

• 

Ingeslion 

1.84 

2.60 

4.44 

2.63 

0.324 

2.95 

Inhalation 

l.IO 

l.IO 

Demul 

0.0451 

0.174 

0.219 

0.176 

0.0813 

0.258 

Exposure 
Routes Tolal 

1.89 
2.77 

4.66 

•• 

2.81 

0.4O5 

3.21 

1 to 

l.IO 

? 
'a 

I 
ft a 

> c eg 

to o o 



Human HeaUh Risk Assessment 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
mtegrated child or adult receptor is 1 x 10"^ which is below the target cancer risk of 1 x 10^. The 
combined RME His of 0.2 for the child and 0:1 for the adult fall below the target HI of 1. Therefore, 
no COCs were identified for recreational receptors at Study Area 3. 

Residential Scenario 

The combined RME cancer risks for the integrated child or adult resident are 1 x 10"̂  for 
exposure to surface soil and 9 x 10"' for exposure to subsurface soil. Both are at or below the target 
cancer risk of 1 x lo^. For noncancer effects, the combined RME His are 5 and 4 (surface and 
subsurface soil exposures, respectively for the child) and 0.8 (surface and subsurface soil exposures 
for the adult). Noncancer effects were segregated according to target organ. For the resident child, 
the medium TOHI for the skin exceeds the target HI in surface soil. The following COCs were 
identified for residents at Study Area 3 based on noncancer effects: 

• arsenic: surface soil ingestion HQ = 2 (child) "'.'. 

• iron: surface soil ingestion HQ = 3 (child) 
surface soil dermal contact HQ = 0.2 (child) 
subsurface soil ingestion HQ = 3 (child) 
subsurface soil dermal contact HQ = 0.2 (child) 

• manganese: subsurface soil ingestion HQ = 0.3 (child) 
subsurface soil inhalation HQ = 1 (child) 

6.4.4.3 Study Area 4 - Manhattan Project Area 

The pathways evaluated at Study Area 4 are soil ingestion, dermal contact, and inhalation of 
suspended soil particulates for all receptors. The RME risk characterization summary for Study 
Area 4 is presented in Table 6-17. 

The maximum detected concentration of lead in soil at Study Area 4 exceeds the 400 ppm 
screening level in surface and subsurface soils (EPA 1995c). Therefore, models were used to 
estimate blood lead levels in resident children, industrial workers, and construction workers. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 1 x lO"̂ , which falls below the target cancer risk of 1 x lO^. The combined RME HI 

\^ 
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Table 6-17. RME Risk Characterization Summary for Study Area 04 (Current/Future and Future Land Uses) 
Manhattan Project Area, Alabama Army Ammunition Plant, Childersburg, Alabama 

so 

> 
e tg 

O 
o 

Medium Eiposure 

Route 

Surface Soil Ingestion 

(O to< l f tBLS) Dermal Conlaci 

Inhalallon 

Subtotal 

Subsurface Soil Ingeslion 

( I t o l O f l B L S ) Dennal Conlaci 

Inhalation 

Subtotal 

Sediment Ingeslion 

Dermal Contact 

Subtotal 

Surface Water Ingestion 

Dermal Coniact 

Subtotal 

Groundwater Ingestion 

Dermal Coniact 

Inhalation 

Subtotal 

Rabbit Ingeslion 

Subtotal 

Fish Ingestion 

Subtotal 

Surface Soil (0 lo <1 ft BLS), Seillment, Surface W 

Combined Hazard Indei : 

Combined Cancer Risic 

Subsurface Soii (1 to iO ft BLS), Sediment, Surfac 

Combined Hazard Index: 

Combined Cancer Risli: 

Cancer Risli 

Industriai 

Worlier 

2E-06 B 

8E-06 B 

lE-08 B 

IE-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA-

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Woricer 

2E-06 B 

6E-07 B 

9E-10 B 

2 E-06 B 

4E-07 B 

2E-07 B • 

2E-10 B 

6E-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

.NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

IE-06 B 

2E-06 B 

2E-09 B 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

'ater. Groundwater, Rabbits, and Fish 

IE-05 B 2E-06 B 1 4E-06 B 

e Water, Groundwiier, Rabbits, and Fisli 

NA 6E-07 B 1 NA 

Aduit 

IE-06 B 

2E-06 B 

2E-09 B 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 4E-06 B 

1 NA 

Resideniial 

Child 

2E-0'5 B 

IE-05 B 

2E-08 B 

3E-0S ; B 

5E-05 B 

4E-06 B 

7E-09 B 

9E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

' NA 

NA 

NA 

NA 

1 3E-05 B 

1 9E-06 B 

Adull 

2E-05 B 

IE-05 B 

2E.08 B 

3E-05 B 

5E-06 B 

4E-06 B 

7E-09 B 

9E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 3E-05 B 

1 9E-06 B 

Noncancer H I 

Industriai 

Worker 

IE-02 B 

2E-02 B 

NA 

3E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Woriter 

lE-01 B 

2E-02 B 

NA 

IE-OI B 

4E-02 B 

4E-02 B 

2E-04 

8E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

9E-03 B 

4 E-03 B 

NA 

IE-02 B 

NA 

NA ' 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

6E-03 B 

3E-03 B 

NA 

9E-03 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

• NA 

NA 

NA 

NA 

NA 

Residential 

Chiid 

4 E-01 

4E-02 

NA 

4E-0I 

lE-01 

lE-01 

7E-04 

2E-0I 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

B 

B 

B 

B 

Aduit 

4E-02 B 

2E-02 B 

NA 

6E-02 B 

IE-02 B 

6E-02 B 

2E-04 B 

7E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3E-02 B lE-01 B IE-02 B 9E-03 B 1 4E-0I B 6E-02 B 1 

NA 8E-02 B NA NA 1 2E-01 B 7E-02 B 1 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

OE+00 - pathway evaluated but no risks could be calculated due to lack of EPA-approved toxicity values 
B - H I < 1 o r E L C R < IO'* 

E - H I > 1 or ELCR > lO" 

? 
:a 
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Human HeaUh Risk Assessment 

of 0.03 falls below the target HI of 1. The 95* percentile mean blood lead concentration in the fetus 
of the industrial worker is 9 ng/dL, which is below the CDC target of 10 jig/dL. Therefore, no 
COCs were identified for the industrial worker at Study Area 4. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
asstmiptions are 2 x 10"̂  for siuface soil exposure and 6 x 10"' for subsurface soil exposure. Both 
fall belovv the target cancer risk of 1 x lo^. The combined RME His of 0.1 for surface soil 
exposure and 0.08 for subsuiface soil exposure fall below the target HI of 1. The 95* percentile 
mean blood lead concentration in the fetus ofthe construction worker is 11 ^g/dL for surface soil 
exposure and 9 fig/dL for subsurface soil exposure. The former is above the CDC target of 
10 |ig/dL. Therefore, the following COC was identified for the construction worker at Study Area 4: 

• lead: suiface soil, 95* percentile mean blood lead level =11 ^g/dL 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adult receptor is 4 x lO"̂ , which is below the target cancer risk of 1 x 10^. The 
combined RME His of 0.01 for the child and 0.009 for the adult fall below the target. HI of 1. 
Therefore, no COCs were identified for recreational receptors at Study Area 4. 

Residential Scenario 

The combined RME cancer risks for the integrated child or adult resident are 3 x 10'̂  for 
exposure to surface soil and 9 x 10"̂  for exposure to subsurface soil. Both fall below the target 
cancer risk of 1x10^. For noncancer effects, the combined RME His are 0.4 and 0.2 (surface and 
subsurface soil exposures, respectively for the child) and 0.06 and 0.07 (surface and subsurface soil 
exposures, respectively for the adult). All are below the target HI of 1. The 95* percentile mean 
blood lead concentration in the resident child is 18 \ig/dL for exposure to surface soil and 13 ^g/dL 
for exposure to subsurface soil, both of which are above the CDC target of 10 ng/dL. Therefore, the 
following COC was identified for the resident child at Study Area 4: 

• lead: surface soil, 95* percentile mean blood lead level =18 ng/dL 
subsurface soil, 95* percentile mean blood lead level = 13 
Mg/dL 

6.4.4.4 Study Area 5 - Red Water Storage Basin 

The pathways evaluated at Study Area 5 are sediment ingestion and dennal contact for 
recreational and residential receptors. All detected chemicals were eliminated as COPCs in the 
background comparison and RBC screen. Therefore, risks at Study Area 5 are insignificant. 
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Human Health Risk Assessment 

6.4.4.5 Study Area 6 - Southem TNT Manufecturing Area 

The f)athways evaluated at Study Area 6 are soil ingestion, dermal contact, and inhalation of 
suspended soil particulates fbr all receptors. The RME risk characterization summary for Study 
Area 6 is presented in Table 6-18. 

Industrial Scenario 

For industrial workeirs exposed to surface soil, the combined cancer risk under RME 
assumptions is 1 x lO"', which falls below the target cancer risk of 1 x lo^. The combined RME HI 
of 2 X 10"* fiills below the tJirget HI of 1. Therefore, no COCs were identified for the industrial 
worker at Study Area 6. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
assumptions are 3 x 10'̂  for surface soil exposure and 1 x 10"̂  for subsurface soil exposure. Both 
fall below the target cancer risk of 1 x lO"̂ . The combined RME His of 8 x 10^ for surface soil 
exposure and 0.2 for subsuriiace soil exposure fall below the target HI of 1. Therefore, no COCs 
were identified for the construction worker at Study Area 6. 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adult receptor is 4 x 10"̂ , which is below the target cancer risk of 1 x 10"̂ . The 
combined RME His of 7 x lO"̂  for the child and 6 x 10"̂  for the adult fall below the target HI of 1. 
Therefore, no COCs were identified for recreational receptors at Study Area 6. 

Residential Scenario 

The combined RME cancer risks for the integrated child or adult resident are 4 x lO'̂  for 
exposure to surface soil and. 1 x 10'̂  for exposure to subsurface soil. Both fall below the target 
cancer risk of 1 x lo^. For noncancer effects, the combined RME His are 0.002 and 0.4 (surface 
and subsurfiice soil exposures, respectively for the child) and 4 x lO"* and 0.08 (surface and 
subsurface soil exposures, respectively for the adult). All are below the target HI of 1. Therefore, 
no COCs were identified for residents at Study Area 6. 

6.4.4.6 Study Area 7 - Northem TNT Manufacturing Area 

The pathways evalusited at Study Area 7 are soil ingestion, dermal contact, and inhalation of 
suspended soil particulates for all receptors. The RME risk characterization summary for Study 
Area 7 is presented in Table 6-19, and COCs are listed in Table 6-20. 
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Table 6-18. RME Risk Characterization Summary for Study Area 06 (Current/Future and Future Land Uses) 

Southern TNT Manufacturing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 

Ti n 
o 

Os 
I 

Lft 
to 

> 

to 
o 

Medium Eiposure 

Route 

Surface Soil Ingeslion 

(0 to < 1 n BLS) Dermal Contact 

Inhalation 

Subtotal 

Subsurface Soil Ingeslion 

( I I O i o n BLS) Dermal Contact 

Inhalation 

Subtotal 

Sediment Ingeslion 

Dermal Contact 

Subtotal 

Surface Waler Ingestion 

Dermal Coniact 

Subtotal 

Groundwaier Ingeslion 

Dermal Contact 

Inhalation 

Subtotal 

Rabbit Ingeslion 

Subtotal 

Fish Ingestion 

Subtotal 

Surface Soli (0 to < l ft BLS), Sediment, Surface W 

Combined Hazard Index: 

Combined Cancer Risk: 

Subsurface Soil (1 to 10 ft BLS), Sediment, Surfact 

Combined Hazard Indei : 

Combined Cancer Ri i l i : | 

Cancer Risk 
Industrial 

Worker 

3E-08 B 

. 7E-08 B 

NA 

IE-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

2E-08 B 

6E-09 8 

NA 

3 E-08 B 

7E-07 B 

3 E-07 B 

4E-10 B 

IE-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational . 

Child 

2E-08 B 

2E-08 B 

NA 

4E-08 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

ater. Groundwater, Rabbits, and Fish 

IE-07 B 1 

t Water, Grou 

• NA 1 

3E-08 B 1 

ndwater. Rabbits 

IE-06 B 1 

4E-08 B 

, and Fish 

NA 

Adult 

2E-08 B 

2E-08 B 

NA . 

4E-08 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-08 B 

NA 

Residential 

Chiid 

3E-07 

lE-O? 

NA 

4E-07 

8E.06 

6E-06 

IE-08 

IE-OS 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-07 

IE-05 

B 

B 

B 

B 

B 

B 

B 

B 

B 

Aduit 

3E-07 B 

IE-07 B 

NA 

4E-07 B 

8E-06 B 

6E-06 B 

IE-08 B 

IE-OS B 

NA 

NA 

NA 

NA 

NA 

NA 

NA , 

NA, 

NA 

NA 

NA 

NA 

NA 

NA 

1 4E-07 B 

1 IE-05 B 

Noncancer H I 

Industriai 

Worker 

6E-05 B 

2E-04 B 

NA 

2E-04 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

6E-04 

2E-04 

NA 

8E-04 

lE-01 

3E-02 

NA 

2E-0I 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

B 

B 

B 

Recreational 

Child 

4E-05 B 

3E-05 B 

NA 

7E-05 B 

NA 

NA 

NA 

NA 

NA 

NA -

NA 

NA 

NA 

NA 

NA 

NA . 

NA 

NA 

NA • 

NA 

NA 

NA 

Aduit 

3E-05 B 

3E:<)5 B 

NA 

6E-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

• .NA 

NA 

Residential 

ChUd 

2E-03 B 

3E-04 B 

NA 

2E-03 B 

4E-01 B 

6E-02 B 

NA 

4E-0I B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA • 

NA 

Adult 

2E-04 B 

2E-04 B 

NA 

4E-04 B 

4E-02 B 

4E-02 B 

NA 

8E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-04 B 1 8E-04 B 7E-05 B 6E-05 B 2E-03. B 4E-04 B 1 

NA 1 2E-01 B NA NA 4E-01- B 8E-02 B 1 

NA - pathway nol evaluated or all detected chemicals eliminated as COPCs 

OE+00 - pathway evaluated bul no risks could be calculated due to lack of EPA-approved toxicily values 

B - HI < 1 or ELCR < lO" 

E-Hl>lorELCR>IO' ' 
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Table 6-19. RME Risk Characterization Summary for Study Area 07 (Current/Future and Future Land Uses) 
Northern TNT Manufacturing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 

JO 
n 

Xi 
O 

a. 

Os 
I 

Ln 
L.i 

> 

to 
o o 

Medium Exposure 

Roule 

Surface Soil Ingeslion 

(010 < 1 n BLS) Dermal Contact 

Inhalation 

Subtotal 

Subsurface Soil Ingestion 

(1 lo 10 ft BLS) Dermal Contaci 

bihalalion 

Subtotal 

Sediment Ingestion 

Dermal Coniact 

Subtotal 

Surface Water Ingestion 

Dermal Contact 

Subtotal 

Groundwaier Ingestion -

Dermal Conlaci 

Inhalation 

Subtotal 

Rabbit Ingestion 

Subtotal 

Fish Ingeslion 

Subtotal 

Surface Soil (0 to < l ft BLS), Sedimetit, Surface W 

Combined Hazard Index:-

Combined Cancer Risk: 

Subsurface Soil (1 to 10 ft BLS), Sediment, Surfac 

Combined Hazard Index: 

Combined Cancer Risk: 

Industrial 

Worker 

7E-08 B 

IE-07 B 

NA 

2E-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

6E-08 B 

8E-09 B 

NA 

6E-08 B 

3E-07 B 

5E-08 B 

NA 

3E-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA • 

NA 

NA 

NA 

NA 

NA 

NA . 

NA 

Cancer Risk 

Recreational 

Child 

5E-08 B 

3E-08 B 

NA 

7 E-08 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA • 

NA 

NA 

NA 

/ater. Groundwater, Rabbits, and Fish 

2E-07 B 6E-08 B 1 7E-08 B 

e Water, Groundwater, Rabbits, and Fish 

NA 3E-07 B 1 NA 

Adult 

5E-08 B 

3E-08 B 

NA 

7E-08 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 7E-08 B 

1 NA 

Residential 

Child 

6E-07 

2E-07 

NA 

8E-07 

3E-06 

IE-06 

NA 

4E-06 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

- NA 

NA 

NA 

NA 

NA 
NA 

1 8E-07 

1 4E-06 

B 

B 

B 

B 

B 

B 

B 

B 

Aduil 

6E-07 B 

2E-07 B 

NA 

8E-07 B 

3E-06 B 

IE-06 B 

NA 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8E-07 B 

4E-06 B 

Noncancer HI 

Industrial 

Worker 

5E-04 B 

9E-04 B 

NA 

IE-03 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

4E-03 

7E-04 

NA 

5E-03 

lE+flO 

3E-0I 

9E-0I 

2E+00 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

B 

B 

E 

Recreational 

Child 

3E-04 B 

2E-04 B 

NA 

SE-04 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Aduit 

2E-04 B 

2E-04 B 

NA 

4E-04 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Residential 

Chiid 

IE-02 B 

2E-03 B 

NA 

2E-02 B 

iE-KtO E 

7E-01 B 

4E+flO E 

8E+00 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

IE-03 B 

IE-03 B 

NA 

3E-03 B 

3E-01 B 

5E-01 B 

IE+00 B 

2E+00 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

IE-03 B 5E-03 B 1 5E-04 B 1 4E-04 B 1 2E-02 B 3E-03 B 1 

NA 2E-K)0 E 1 NA 1 NA 1 8E-KK) E 2E+00 E 1 

NA - paihway nol evaluated or all delected chemicals eliminated as COPCs 
OE+00 - pathway evaluated but no risks could be calculated due to lack of EPA-approved toxicity values 
B-H1< 1 or ELCR < 10" 
E-HI> 1 or ELCR > IQ-* 
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Table 6-20. Summary of Receptor Risks and Hazards for COCs at Study Area 07 
Reasonable Maximum Exposure 

Northern TNT Manufacturing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timcfhune: Future 
Acceptor Population: Resident 
Acceptor Age: Child 

OS 
I 

Medium 

Surface Soil 

Subsurface Soil 

Exposure 
Medium 

Soil 

Air 

Soil 

Air 

Exposure 
Point 

Northern TNT Manufacturing Area 

Northern TNT Manufacwring Area 

Northern TNT Manufacturing Area 

Northern TNT Manufacturing Area 

. Chemical . 

2,4,6-Trinitrotolucnc 
2,4-Dinitrotoluene 

[Total) 

2,4,6 Trinitrotoluene 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
[Total) • 

Aluminum 

Manganese 

Vanadium • 

2,4,6*Tri nitrotoluene 

[Total) 

Aluminum 

Manganese 

Vanadium 
2.4,6-Tri nitrotoluene 
(Total) 

Carcinogenic Risk 

Ingestion 

--

Inhalaiion 

--

Dermal Expcsure 
Routes Total 

' Cliemical 

2.4.6-Trinitrotoluene 
2.4-Dinitrotoluene 
2,6-DinittotoIucne 
(Total) 

2,4.6-Trinitfotolucnc 
2.4-Dinitrotoluene 
2.6-Dinitrotoluene 
(Total) 

Atuminum 

Manganese 

Vanadium 

2,4.6-Triniirotolucne 

(Total) • 

Aluminum 

Manganese 

Vanadium 
2.4,6-Tri nitrotoluene 
[Total) 

Non-Carcinogenic Hazard Quotient 

Primaiy 
Target Organ 

-- . --

CNS 

liver 

CNS 

Ingestion 

.. 

1.12 

1.59 

2.71 

'" 

Inhalation 

3.81 

3.81 

Dennal 

:-

. .. 

0.281 

0.267 

0.548 

• .. 

--

'Exposure 
Routes Total 

1.40 

1.86 

3.26 

3.81 

3.81 
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Human Health Risk Assessment 

Industrial Scenario 

For Industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 2 x 10'̂ , which falls below the target cancer risk of 1 x JO"̂ . The combined RME HI 
of 0.001 falls below the taiget HI of 1. Therefore, no COCs were identified for the industrial 
worker at Study Area 7. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
assumptions are 6 x 10'̂  for surface soil exposure and 3 x 10"' for subsurface soil exposure. The 
combined RME His are 0.005 for surface soil exposure and 2 for subsurface soil exposure. The 
latter exceeds the target HI of 1. Noncancer effects were segregated according to target organ. The 
medium TOHIs for subsurface soil do not exceed the target HI. Therefore, no COCs were identified 
for the constaiction worker at Study Area 7. 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adult receptor is 7 x lO"*, which is below the target cancer risk of 1 x 10^. The 
combined RiVIE His of 5 x 10"* for the child and 4 x JO"* for the adult fall below the target HI of 1. 
Therefore, no COCs were identified for recreational receptors at Study Area 7. 

Residentietl Scenario 

The combined RME cancer risks for the integrated child or adult resident are 8 x 10'̂  for 
exposure to surface soil anci 4 x 10"̂  for exposure to subsurface soil. Both are below the target 
cancer risk of 1 x lO"*. For noncancer effects, the combined RME His are 0.02 and 8 (surface and 
subsurface soil exposures, respectively for the child) and 0.003 and 2 (surface and subsurface soil 
exposures, respectively for tlie adult). Noncancer effects were segregated accordmg to target organ. 
For the resident child, the medium TOHIs for the central nervous system and liver exceed the target 
HI in subsuiface soil. The following COCs were identified for residents at Study Area 7 based on 
noncancer effects: 

• manganese: subsurface soil ingestion HQ = 1 (child) 
subsurface soil dermal contact HQ = 0.3 (child) 
subsurface soil inhalation HQ = 4 (child) 

• 2,4,6-trinitrotoluene: subsurface soil ingestion HQ = 2 (child) 
subsurface soil dermal contact HQ = 0.3 (child) 
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6.4.4.7 Study Area 8 - Add/Organic Manufacturing Area 

The pathways evaluated at Study Area 8 are soil ingestion, dermal contact, and inhalation of 
suspended soil particulates for all receptors and ingestion of rabbit for recreational and resident 
receptors. The RME risk characterization summary for Study Area 8 is presented in Table 6-21, 
and COCs for each pathway and receptor are listed m Tables 6-22 through 6-24. . 

The maximum detected concentration of lead in soil at Study Area 8 exceeds the 400 ppm 
screening level in surface and subsurface soils (EPA 1995c). Therefore, models were used to 
estimate blood lead levels in resident children, industrial workers, and construction workers. 

Industrial Scenario 

For industrial workers exposed to surfa.ce soil, the combined cancer risk under RME 
assumptions is 8 x 10"^ which is below the target cancer risk of 1 x lO"̂ . The combined RME HI of 
2 exceeds the target HI of 1. Noncancer effects were segregated according to target organ. The 
medium TOHIs for soil do not exceed the target HI. The 95"' percentile mean blood lead 
concentration in the fetus ofthe industrial worker is 7 ng/dL, which is below the CDC target of 
10 Ug/dL. Therefore, no COCs were identified for the mdustrial worker at Study Area 8. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
assumptions are 2 x 10"̂  for surface soil exposure and 1 x 10"* for subsurface soil exposure. Both 
fall below the target cancer risk of 1 x 10^. The combined RME His of 6 for surface soil exposure 
and 3 for subsurface soil exposure exceed the target HI of 1. Noncancer effects were segregated 
according to target organ. The medium TOHI for the whole body in surface soil exceeds the target 
HI. In subsurface soil, the medium TOHIs do not exceed the target HI. The 95"' percentile mean 
blood lead concentration in the fetus ofthe construction worker is 8 |ig/dL for surface soil exposure 
and 9 |ig/dL for subsurface soil exposure. Both are below the CDC target of 10 ng/dL. The 
following COC was identified based on noncancer effects: 

• nickel: surface soil ingestion HQ = 3 
surface soil dermal contact HQ = 0.1 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME (surface soil exposure 
and rabbit ingestion) cancer risk for the integrated child or adult receptor is 4 x 10"', which is below 
the target cancer risk of 1 x lO^. The combined RME His of 0.6 for the child and 0.4 for the adult 
fall below the target HI of 1. Therefore, no COCs were identified for recreational receptors at 
Study Area 8. 

V 

Final RI Report 6-56 August 2001 

http://surfa.ce


( 

Table 6-21. RME Risk Characterization Summary for Study Area 08 (Current/Future and Future Land Uses) 
Acid/Organic Manufacturing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 

eg 
to 
o o 

Medium Eiposure 

Roule 

Surface Soil Ingestion 

( O l o < l f t B L S ) Dermal Contact 

Inhalation 

Subtotal 

Subsurface Soil Ingestion 

(1 to 10 n BLS) Dermal Coniact 

Inhalation 

Subtotal 

Sediment Ingestion 

' Dermal Contact 

Subtotal 

Surface Water Ingeslion 

Dermal Coniact 

Subtotal 

Groundwater ' Ingeslion 

Dermal Conlaci 

Inhalation 

Subtotal 

Rabbit Ingestion 

Subtotal 

Fish Ingestion 

Sublotal 

Surface Soil (0 to < I ft BLS), Sediment, Surface Vt 

Combined Hazard Indei : 

Combined Cancer Risk: 

Subsurface Soil ( I to 10 ft BLS), Sediment, Surfac 

Combined Hazard Indei : 

Coinblned Cancer Risk: 

CancerRisk 

Induslrial 

Worker 

2E.05 B 

6E-05 B 

8E-07 B 

8E-05 B 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

2E-0S B 

5E-06 B 

7E-08 B 

IE-05 B 

7E-07 B 

3E-07 B 

SE-08 B 

IE-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

IE-05 B 

2E-05 B 

IE-07 B 

3E-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-06 B 

4E-06 B 

NA 

NA 

I'ater, Groundwater, Rabbits, and Fish 

8E-05 B 1 2E-05 B 1 4E-05 B 

e Water, Groundwater, Rabbits, and Fisb 

NA 1 IE-06 B 1 4E-06 B 

Adult 

IE-05 B 

2E-05 B 

IE-07 B 

3E-05 B 

NA 

NA • 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA • 

4E-06 B 

4E-06 B 

NA 

NA 

1 4E-05 B 

1 4E-06 B 

Residential 

Child 

2E-04 E 

IE-04 B 

2E-06 B 

3E.04- E 

8E-06 B 

6E-06 B 

IE-06 B 

2E-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8E-06 B 

8E-06 B 

NA 

NA 

1 3E-04 E 

1 2E-05 B 

Adul l 

2E-04 E 

IE-04 B 

2E-06 B 

3E-04 E 

8E-06 B 

6E-06 B 

IE-06: B 

2E-05 B 

. NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8E-06 B 

8E-06 B 

NA 

NA 

1 3E-04 E 

1 2E-0S B 

Noncancer H I 

Industriai 

Worker 

5E-01 

4E-01 

7E-01 

2E+00 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

E 

Construction 

Worker 

5E+00 

4E-01 

8E-01 

6E+00 

2E-KI0 

3E-01 

5E-01 

3E+00 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

E 

B 

B 

E 

E 

B 

E 

Recreational 

ChUd 

3E-01 B 

9E-02 B 

lE-01 B 

5E-4I B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-02 B 

4E-02 B 

NA 

NA 

Adult 

2 E-01 

8E-02 

6E-02 

3E-0I 

NA 

NA 

NA 

NA 

NA 

NA 

" NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2 E-02 

2E-02 

NA 

NA 

B 

B 

B 

B 

B 

B 

Residential 

Child 

IE+01 

9E-01 

3E+00 

2E+0I 

5E+00 

7E-01 

2E+00 

8E+oa 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

N A -

lE-01 

le-oi 

NA 

NA 

E 

B 

E 

E 

E 

B 

E 

E 

B 

B 

Aduit . 

lE+OO B 

6E-01 B 

IE+00 B 

3E+00 E 

5E-01 B 

4E-01 B 

.6E-01 B 

.2 E+OO E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5E-02 B 

5E-02 B 

NA 

NA 

2E+00 E 1 6E+00 E 1 6E-01 B 1 4E-01 B 1 2E+01 E 1 3E+00 E 1 

NA 1 3E-K)0 E 1 4E-02 B 1 2E-02 B 1 8E-K)0 E 1 2E+00 E 1 

NA - pathway not evaluated or all detecied chemicals eliminated as COPCs 

OE+00 - pathway evaluated bul no risks could be calculated due to lack of EPA-approved toxicily valiies 

B - H 1 < I or E L C R s IO"* 

E - H 1 > 1 o r E L C R > 10" 

3= 
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Table 6-22. Summary of Receptor Risks and Hazards for COCs at Study Area 08 

Reasonable Maxunum Exposure 
Acid/Organic Manufacturing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 

Scerark) Turcrrame: Future 
Receptor Populstion: Construction Wortcr 
Receptor Ajc: Adutt 

Os 
I 

Lt\ 
OO 

> 
c 

O 

o 

Med hmi 

Surf.ce Soil 

SubsurfKC Soi] 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Expoiure 

Poiid 

Acid/Orfanic Manufacturins Arta 

Acid/Organic Manufacturing Area 

Chemkal 

Aluminum 

Anenic 

Iron 

Mangknue 

Nickel 

Vanadium ' 

Be nzDt a )anihraccnc 

Benzo(a)pyrene 

Be nzD(b)fl uoranthene 

D jfoen2o(a, n )aiithracc ne 

Indenofi .2.3-cd )pyrene 

fToul) 

AlumiiKim 

Anenic 

Iron 

Mangaittsc 

Nickel 

Vanadiuni 

Benzo(a)aitfhracene 

BenzD(i)pyicne 

Benzo(b)nuoranthene 

Dibenzo(a,h)anihiaccne 

Indcno(l ,2,3<d)pyrene 

(Tottl) 

Aluminum 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Vanadium 

BenzD(a)pyrene • 

Elenzo(b)nuoranlhene 

(Total) 

Aluminum 

Chromhim, hexavalent (asiumed) 

Iron 

Mangame 

Vanutum 

Benzo(a)pyrene 

Ben2D(b)nuoranthenB 

fToul) 

• 

Carcinogenic Riik 

Ingestbn Inhalation Dennal Exposure 

Romes Total 

Chemjcal 

Altuninum 

Anenic 

Iron 

NUnganete 

Nickel 

Vanadium 

Befuo(a)anthncene 

Bcnzo(i)pyrciic 

Benzo(b) fluonnthene 

Dibenzo(a. h)anthncene 

lndeno(l,2.3-cd)pyrane 

CTotal) 

Ahiminum 

Anenic ' 

Iron 

Mangaiese 

Nickel 

Vanadhim 

Ben20(a}Bnlhiiccne-

Benzo(a)pyirne 

Ben2D(b)nuonudhene 

DibeDzo(a.h)anlhncene 

Indenod.2,3-cd)pyitne 

(Total) 

Aluminuni 

Chromium, trivalent (asiumed) 

Chromiuni. hexavaleitt (assumed) 

Iron .• 

Vanadium 

Benzo(a)pyrene 

BenzD(b)nuDranibene 

rToui) 

Aluminum 

Chromhun. Uivalent (auum»d) 

Chromhim. hexavalent (assumed) 

Iron 

Manganese 

Vanadhim 

BenzD(i)pyrene 

BenB>(b)nuontnthene 

rToul) 

^ Non-Cue inogenk HaztnJ Quotient 

TirjelOrgwi 

wtiotebody 

' : ' . • 

In^eujon 

2.SS 

2.38 

Inhalation 

" ""-! 

Dermal 

0.116 

0.116 

Exposure 

Routes Total 

2 

2 

' 

70 

70 

. 

Ŝ  

P/a 
55-
>?> 

a 
3 
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Table 6-23. Summary of Receptor Risks and Hazards for COCs at Study Area 08 
Reasonable Maximum Exposure 

Acid/Organic Manufacturing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timefrenw: Fulure 
Receptor Populalion: Residem 
Receptor Age: Child 

Os 
I 

lyi 

> 
c tg 

O 
o 

Medium 

Surface Soil 

Sulnurface Soil 

Rabbit 

Expoiure 

Medium 

Soil 

Air 

Soil 

Air 

TUiue 

Exposure 

Point 

Acid/Orginic Manuracnihng Area 

Acid/Organic Muiufaciuring Area 

Acid/Organic Manufacturing Area 

Acid/Organic Manufacturing Area 

Chemical 

Aluminum 

Anenic 

Iron 

Manganese 

Nckel 

Vanadium 

Benzo(a)anihracene 

Benzo(a)pyrenc 

Benzo(b) fluorarihene 

Dibe nzD(s,h)ai£hrscene 

lndeno(l,2,3-cd)pyrene 

(Total) 

Aluminum 

Anenic 

Iron 

Manganete 

Nickel 

Vanadium 

Benzo(B)anthivenc 

Ben2D(a)pyrcne 

Denza(b)f1uonnhenc 

Indenod.2.3-cd)pyrene 

(Tottl) 

Aliuninum 

Chromium, trivtlenl (assumed) 

Chromium, hcxavaleiti (assumeJ) 

Iron 

Manganese 

Vanadium 

Ben2o(B)pyrene 

Benzo<b)f1uoreiuhene 

(Tottl) 

Aluminum . 

Chronuum, trivalent (assumed) 

Cliromium, hcxavilcid (assumed) 

Iron 

Manganese 

Vanadium 

Benzo(a)pyrenB 

Be nzo(b) fluonAhene 

(Total) 

Anenic 

Nickel 

[TottI) 

Carcinogenic Risk 

Ingestion 

3.84 IE-03 

1.820E-05 

0.000102 

8 . M 9 E ^ 

8.432E-06 

4.826 E ^ 

0.000201 

Inhalation 

1.780E-fl6 

1.7S0E-06 

Dermal 

3.48IE-06 

1.435E-03 
8.036E-O3 
6.975E-06 

6.646E-06 
3.804 E ^ 

0.000116 

Expoiure 
Routes Toul 

6.I89E-03 

3.235E-03 

0.000182 

1.382E-05 

1.308E-05 

8 .630E^ 

0.000316 

l.780E-fl6 

1.780E-06 

• - - ' 

Chemical 

Aluminum 

Anenic 

Iron 

Nickel 

Vanadium 

Bcnzo(a)pyrenc 

Benzo(b)f1uonnthene 

Dtbenzo(s, h)aiiLhrac£ne 

lndeno(l,2,3-cd)pyrEne 

(Total) 

Aluminum 
Anenb 

Iron 
Manganse 

Nickel 

Benzo(a)anthrac«ne 

Benzo(b)fluoranthene 

Dibenzo(a,h)anihracene 

(Total) 

Aluminum 

Cliromium, hexavalent (assumed) 

Iron 

Vanadium 

Benzo(a)pyrene 

Bcnzo(b)fluonjUhene 

fTottl) 

Aluminum 

Chromium, trivalent (asiumed) 

Iron 

Manganese 

Vanadium 

Bcn2D(a)pyrene 

Ben2o(b)niiorenthe ne 

(Tottl) 

Anenic 

Nickel 

tTottI) 

Primaiy 
Target Organ 

CNS 

viholebody 

CNS 

CNS 

CNS 

Insettion 

3.34 

0.986 

7.03 

It 

3.68 

0.623 

4.31 

--

^_ :J^_ 

Inhalaiion 

3 

3 

2 

2 

33 

33 

13 

13 

Dcmml 

0224 

0.248 

0.262 

0.733 

0.247 

0.137 

--
0.404 

--

Exposure 1 
Roulcs Totall 

3.36 1 
1.23 

7.29 

12 

3.33 

3.35 

3.93 

0.782 

4.71 

2.13 

2.13 

-

a 

>a 
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Table 6-24. Summary of Receptor Risks and Hazards for COCs at Study Area 08 

Reasonable Maximum Exposure 

Acid/Organic Manufacturing Area, Alabama Army Ammunition Plant, Childersburg, Alabaina 
Scenario Timeframe: Fulure 
Receptor hiputatnn: Resideid 
Receptor Afe: Adull 

Os 
I 

OS 

o 

> 
c eg 

o 
2 

Medium 

Surface Soil 

Sul»urrace Soil 

Rabbit 

Expoaure 

Medium 

Soil 

Air 

Soil 

Air 

Tissue 

Exposure 

Point 

Acid/Orjanic Manufacniring Area 

Acid/Organic Manufacturini Area 

Acid/Organic Mamfacturing Area 

Acid/Otganic Manufacturing Area 

Acid/Organic Manufacturing Area 

Chemica] 

Aluminum 

Arsenic 

Iron 

Manganese 

Nickel 

Vanadium 

Benni(a)arthraccne 

Benzotalpyrene 

Benzotblfluoiambeoe 

[>ibenzr>(a.h)anlhnccne 

lnlen>(l.2.3-cd)pyrenc 

(Tolal) 

Aiumimim 

Anenic 

Iron 

Manganese 

Nickel 

Vanadium 

Benzolalanthracene 

Beni»(b)nuoianthene 
Dibenzo(a.h)aMhricene 
lndcna(1.2,3-cJ)pyrene 
(Tolal) 

Alumimun 

Chromium, uivalent (assumed) 

Chronuum, hexavatcn (auumed) 

(ron 

Vanadium 

BeoZD<a)pyrene 

BenzD(b)nuorenlhene 

(Tolal) 

Chromium, Irivalenl (assumed) 

Chromium, heiavaleni (assumed) 

Iron 

Manganese 

Vanadium 

BcnZD<a)pyrene 

Benzo(b)nuoranthcne 

(Total) 

Arsenk 

Nickel 

(Tool) 

Careinogenic Risk 

Ingeslnn 

3.841E.03 

l.820E-a3 

0.(X»I02 

8.849E.06 

8.432E-06 

4.826E.06 

0.000201 

Inhaialion 

1.780Efl6 

1.780E-06 

- • 

-- 1 

Dermal 

3.48IE.06 

l.433E-(13 

8.036E-03 

6.973&06 

6.64«E<)6 

3.804 E-06 

0.000116 

Exposure 

Routes Total 

6.189&03 

3.235E^M 

0.000182 

I.382E-05 

l.308E-a3 

S.630EO6 

0.000316 

l.7«nFr06 

I.780E-06 

1 

Chemical 

Alumiiuim 

Anenic 

Iron 

Nickel 

Vanadium 

BenzD(a)«nthr»;ene 

Benzo(a)pyrene 

Benzo(b)nuonnthene 

Indenod .2.3-cd)pyTene 
(Tottl) 

Aluminum 

Anenic 

Iron 

Nickel 

Vanadium 

BenZD(a)«n(hncene 

Benzo(b)ni»nmhene -

Indenod ,2.3-cd)pyrene 
(Toul) 

Aluminuin 

Chromium, vivalem (assumed) 

Chromium, hexavalem (assumed) 

Iron 

Vanadium 

BenzD(a)pyrene 

Benzo(b)nuonnlhene 

fTotal) 

AlumiiHtm 

Chromium, hexavalem (assumed) 

Iron 

Vaiwdium 

Benzo(b)fluoranthcne 

(Total) 

Anenic 

Ncke) 

(Tottl) 

1 
Non-Carcinogenic Hazaid 0»t ieni 

Primary 

Target Organ 

Ingestion 

- . . ; 

L _ ^ i _ 

Inhalation Dermal Exposure 1 
Roulcs Total | 

• 

• 

• 

? 

ta 

a 
3 
a 

, r f 



Human Health Risk Assessment 

Residential Scenario 

The combined RME cancer risks for the mtegrated child or adult resident are 3 x 10^ for 
exposure to surface soil and ingestion of rabbit, which are above the target cancer risk of 1 x lO"̂ , 
and 2 X 10" for exposure to subsurface soil and ingestion of rabbit. For noncancer effects, the 
combined RME His are 20 (surface soil exposure and rabbit ingestion for the child) and 8 
(subsurface soil exposure and rabbit ingestion for the child). For the adult, the combined RME His 
are 3 (surface soil exposure and rabbit ingestion) and 2 (subsurface soil exposure and rabbit 
ingestion). Noncancer effects were segregated according to target organ. In surface soil, the 
medium TOiHIs for the central nervous system and whole body exceed the target HI for the child. 
In subsurface soil, the medium TOHI for the central nervous system exceeds the target HI for the 
child. The 9')"' percentile mean blood lead concentration in the resident child is 9 ng/dL for surface 
soil exposuri3 and 11 |ig/dL for subsurface soil exposure. The latter is above the CDC target of 
10 |ig/dL. 'fhe following COCs were identified for residents at Study Area 8 based on cancer and 
noncancer effects: 

arsemc: surface soil ingestion cancer risk = 6 x 10 
surface soil dermal contact cancer risk = 3 x 10"̂  
suiface soil inhalation cancer risk = 2 x IQ"̂  

• u-on: 

lead: 

surface soil ingestion HQ = 3 (child) 
surface soil dermal contact HQ = 0.2 (child) 
subsurface soil ingestion HQ = 4 (child) 
subsurface soil dermal contact HQ = 0.2 (child) 

subsurface soil, 95* percentile mean blood lead level = 11 
Mg/dL 

manganese: surface soil ingestion HQ = 1 (child) 
surface soil dermal cpntact HQ = 0.2 (child) 
surface soil inhalation HQ = 3 (child) 
subsurface soil ingestion HQ = 0.6 (child) 
subsurface soil dermal contact HQ = 0.2 (child) 
subsurface soil inhalation HQ = 2 (child) 

• nickel: 

• benzo(a)anthracene: 

• benzo(a)pyrene: 

surface soil ingestion HQ = 7 (child) 
surface soil dermal contact HQ = 0.3 (child) 

1-5 surface soil ingestion cancer risk = 2 x iQ 
surface soil dermal contact cancer risk = 1 x 10'̂  

surface soil ingestion cancer risk = 1 x 1 0 
surface soil dermal contact cancer risk = 8 x 10'̂  
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Human Health Risk Assessment 

• benzo(b)fluoranthene: surface soil ingestion cancer risk = 9x10"^ 
surface soil dermal contact caricer risk = 7 x IQ"̂  

• dibenzo(a,h)anthracene: surface soil ingestion cancer risk = 8 x IQ"̂  
surface soil dermal contact cancer risk = 7 X iC* 

• indeno(l,2,3-cd)pyrene: surface soil ingestion cancer risk = 5 x IQ"̂  
surface soil dermal contact cancer risk = 4 X 10"̂  

6.4.4.8 Study Area 8 - Test Pits 

The pathways evaluated for the Study Area 8 test pits are soil ingestion, dermal contact, and 
inhalation of suispended soil particulates. The RME risk characterization summary for the 
Study Area 8 test pits is presented in Table 6-25, and COCs for each pathway and receptor are 
listed in Tables 6-26 through 6-28. 

Industrial Scenario 

Industrial workers were assumed to be exposed only to surface soils. Risks were not 
calculated for industrial workers because surface soil samples were not collected fix)m the test pits. 

Construction Scenario 

For construction workers exposed to subsurface soil, the combined cancer risk under RME 
assumptions is 1 x IQ-̂ , which is below the target cancer risk of 1 x IQ-̂ . The combined RME HI of 
8 exceeds the target HI of 1. Noncancer effects were segregated according to target organ. Only 
one COC was identified for the construction worker at the test pits: 

• iron: subsurface soil ingestion HQ = 5 
subsurface soil dermal contact HQ = 0.4 

Recreational Scenario 

Recreational receptors were assumed to be exposed only to surface soils. Risks were not 
calculated for recreational receptors because surface soil samples were not collected from the test 
pits. 

Residential Scenario 
-4 The combined RME cancer risk for the integrated child or adult resident is 1 x 10 for 

,-4 exposure to subsurface soil. This equals but does not exceed the target cancer risk of 1 x 10 . For 
noncancer effects, the combined RME His of 20 for the child and 3 for the adult iare above the target 
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Table 6-25. RME Risk Characterization Summary for Study Area U8 - Test Pits (Current/Future and Future Land Uses) 
Acid/Organic Manufacturing Area, Alabama Army Ammunition Plant, Cbildersburg, Alabama 

Os 
I 

Os 

> 

O 
O 

Medium Exposure 

Route 

Surface Soil Ingeslion 

(0 to < 1 ft BLS) Dermal Coniact 

Inhalation 

Subtotal 

Subsurface Soil IngestioQ 

(1 to 10 ft BLS) Dennal Contact 

Subtotal 

Sediment Ingestion 

Dermal Contact 

Sublotal 

Surface Water Ingestion 

Dermal Contact 

Subtotal 

Groundwater Ingestion 

Dermal Contact 

inhalation 

Subtotal 

Rabbit Ingeslion 

Subtotal 

Fish Ingestion 

Subtotal 

Surface SoU (0 lo < 1 fl BLS), Sedbneot, Surface 

Combined Hazard Index: 

Combined Cancer Risk: 

Subsuiface SoU (1 to 10 ft BLS), Sediment, Surfa 

Combbied Hazard Index: 

Combined Cancer Rlsiu 

Cancer Risic 

Industrial 

Woriier 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Woriter 

NA 

NA 

NA 

NA 

IE.05 B 

3E.07 B 

2EH)7 B 

IE-OS B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Water, Groundwater, Rabbits 

NA 1 NA 1 

Recreational 

ChUd 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

and Fish 

NA 1 

« Water, Groundwater, Rabbits, and Flsb 

NA 1 lE^J B 1 NA 1 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Residential 

ChUd 

NA 

NA 

NA 

NA 

IE-04 B 

7E-06 B 

5E-0D B 

i E ^ B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 NA 

1 IE-04 B 

Adult 

NA 

NA 

NA . 

NA 

lE-M B 

7E06 B 

5E-06 5 

IE-04 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 NA 

1 IE-04 B 

Noncancer m 

Industria] 

Woriter 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worlier 

NA 

NA 

NA 

NA 

7E-1-00 E 

lE-l-00 B 

iE-05 

8E+00 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

ChUd 

NA 

NA 

NA 

NA 

NA 

NA 

IMA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

AduH 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Residential 

ChUd 

NA 

NA 

NA 

NA 

2E-I-0I E 

2E+C0 E 

5E-05 5 

2E-f01 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

NA 

NA 

NA 

NA 

2E-I-00 E 

lE-l̂ OO B 

2 E-03 B 

3E-I-00 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 

NA 1 8E+00 E 1 NA 1 NA |2E-(-01 E pE-l-OO E 1 

NA - padiway tut evaluated or all detected chemicals eliminated as COPCs 

OE-I-OO - padiway evaluated bul no risks could be calculated due to lack of EPA-approved toxcity values 

B - HI i . I or ELCR S . Vi* 

E - HI > I or ELCR > 10"* 

3 
a 

P a 
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Table 6-26. Summary of Receptor Risks and Hazards for COCs at Study Area 08 - Test Pits 
Reasonable Maximum Exposure 

Acid/Organic Manufacturing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe: Futurt 
Receptor Population; Conslniction Worker 
Receptor Age: Adull 

Medium 

SubsurfKC Soil 

Exposure 

Medium 

Soil 

Air 

Expoiure 

point 

Acid/Orginic MinufacturJng Area 

Acid/Orginic Minu^cur ing Area 

Chnnical 

Antimony 

Arsenic 

Chromium, trivalent (auumed) 

Chromium, bexavaleni (assumed) 

Irun 

Vanadium 

(Total) 

Antimony 

Anenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Vaiiadium 

CToul) 

Carcinogenic Risk 

Ingestion Inhalation 

-• 

Dermal 

:; 

Exposure 

Routes Total 

Chemical 

Antimony 

Arsenic 

Chrumium. trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Vanadium 

CTotal) 

Antimony 

Anenic 

(Thromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Vanadium 

CTotil) 

Non-Carcinogenic Hazard (>intienl 

Primary 

Target Organ 

Ingestion 

5.01 

5.01 

--

Inhalation Dermal 

0.404 

0.40 

" 

Exposure 1 

Routes Ttnal | 

5.41 

• 5.41 

Os 

^ 

a 

ttt 

3 
a 

> 
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O 

o 
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Table 6-27. Summary of Receptor Risks and Hazards for COCs at Study Area 08 - Test Pits 
Reasonable Maximum Exposure 

Acid/Organic Manufacturing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe: Fulure 
Receptor Populalion; Resident 
Receptor Age: Child 

Medium 

Subsurface Still 

Exposure 

Medium 

Soil 

Air 

Exposure 

Poim 

Acid/Organic Manufacmring Area 

Acid/Organic Manu Acturing Area 

Cnicmical 

Antimony 

Arsenic 

Chromium, hexavalent (assumed) 

Iron 

Vinadium 

(Total) 

Aniimony 

Arsenic 

Chromium, triviJciU (assuimd) 

Chromium, hexavalent (assumed) 

Iron 

Vanadium 

(Total) 

Carcinogenic Risk 

Ingestion 

-

Inhalatton 

'" 

Dermal Exposure 

Routea Total 

\\ 

• -

(Chemical 

Antimony 

Anenic 

Chron^iun:, L-ivs!cn: (zzz-crr-*) 

Chromium, hexavalent (assumed) 

Iron 

Vanadium 

(Total) 

Antintuny 

Arsenic 

Chromium, uivalent tastumed) 

Chramium, hexavalent (assumed) 

Iron 

Vanadium 

CTotal) 

Non-Carcinogenic Hazard Ouotieni 

Primary 

Target Organ 

whole body, blood 

skin 

Ingestion 

2.22 

2.16 

14 

IS 

Inhalation 

;: 

• -

Dermal 

1.12 

0.0529 

0.914 

2.08 

Exposure 

Routes Total 

3.34 

2.21 

15 

20 

;; 

O S 
I 

ON 
t-ft 
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Table 6-28. Summary of Receptor Risks and Hazards for COCs at Study Area 08 - Test Pits 
Reasonable Maximum Exposure 

Acid/Organic Manufacturing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe: Future 
Receptor Populalion: Residem 
Receptor Age: Adult 

Os 
OS 
Os 

Medium 

Subsurface Soit 

Exposure 

Medium 

Soil 

Air 

Exposure 

Point 

Acid/Organic Manufacturing Area 

Acid/Organic Manufacmring Area 

Chemical 

Antimony 

Arsenic 

Chromium, Uivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Vanadium 

CToul) 

Antimony 

Araenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Vanadium 

(Toul) 

Carcinogenic Risk 

Ingestion 

" 

Inhalation Dermal 

--

Exposure 

Routes Total 

Chemical 

Antimony 

Anenic 

Chromium, trivalent (assumed) 

Chromium, hexavalem (assumed) 

Iron 

Vanadium 

CTottl) 

Antimony 

Arsenic 

Chromium, trivalem (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Vanadium 

CToul) 

Non-Carcinogenic Hazard (Juoiicnt 

Primary 

Target Organ 

Ingestton 

1.46 

1.46 

--

--

Inhalation 

• • 

--

--

Dermal 

0 . 5« 

0.56 

Exposure 1 

Routes Total | 

2.03 

2.03 

--
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Human Health Risk Assessment 

HI of 1. Noncancer effects were segregated according to target organ. For the resident child, the 
medium TOHIs for the skin, whole body, and blood exceed the target HI. The followmg COCs 
were identified for residents at the Study Area 8 test pits based on noncancer effects: 

• antimony: subsurface soil ingestion HQ = 2 (child) 

subsurface soil dermal contact HQ = 1 (child) 

• arsenic: subsurface soil ingestion HQ = 2 (child) 

• iron: subsiuface soil ingestion HQ = 14 (child), 1 (adult) 
subsurface soil dermal contact HQ = 0.9 (child), 0.6 (adult) 

6.4.4.9 Situdy Area 9 - Aniline Sludge Basin 

The pathways evaluated at Study Area 9 are sediment and surface water ingestion and 
dermal contact for recreational and residential receptors. The RME risk characterization summary 
for Study Area 9 is presented in Table 6-29, and COCs are listed in Table 6-30. 

Recreational Scenario 

The combined RME cancer risk for the integrated child or adult receptor is 2 x 10'̂ , which 
is below the target cancer lisk of 1 x 10"̂ . Cancer risks were not quantified for surface water 
because none of the COPCs has a toxicity value for cancer effects. The combined RME His of 
0.4 for the child and 0.3 foi- the adult fall below the target HI of 1. Therefore, no COCs were 
identified for recreational receptors at the Aniline Sludge Basin. 

Residential Scenario 

The combined RMIi cancer risk for the integrated child or adult resident exposed to 
sediment is 5 x iO'-\ This is below the target cancer risk of 1 x 10^. Cancer risks were not 
quantified for surface water because none ofthe COPCs has a toxicity value for cancer effects. For 
noncancer effects, the combined RME His are 4 for the child and 0.5 for the adult. The former 
exceeds the target HI of 1 due to exposure to sediment. Noncancer effects were segregated 
according to target organ. Only one COC was identified for the resident child: 

• iron: sediment ingestion HQ = 2 (child) 
sediment dermal contact HQ = 0.2 (child) 

6.4.4.10 Study Area 9 - Tar and Sediment Beneath the Tar 

An additional evaluation conducted at Study Area 9 involved sampling sediment from an 
isolated area containing a tir-like substance. Samples were collected from the tar and sediment 
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Table 6-29. RME Risk Characterization Summary for Study Area 09 (Current/Future and Future Land Uses) 
Aniline Sludge Basin, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium ExptnuiY 

Route 

Surface Soil Ingestion 

(010 <1 ft BLS) Dennal Contai:t 

Inhalation 

Subtotal 

Subsurface Soil Ingeslion 

(1 lo 10 ft BLS) Dermal Contaci 

Inhalation 

Sublotal 

Sediment Ingestion 

Dermal Contact 

Subtotal 

Surface Water Ingestion 

Dermal Coniact 

Subtotal 

Groundwater Ingeslion 

Dermal Contaci 

Inhaialion 

Sublotal 

Rabbit Ingeslion 

Subtotal 

Fish Ingestion 

Subtotal 

Sulfate Soil (0 lo < l ft BLS), Sediment, Suiface V, 

Combined Hazard inde i : 

Combined Cancer Risk: 

Subsurface Soil (1 to 10 ft BLS), Sediment, Surfac 

Combined Hazard Index: 

Combined Cancer Risk: 

Cancer Risk 

Industrial Construction Recreational 

Worker Worker Child Adult 

NA . NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA ' NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA IE-05 B IE-05 B 

NA NA 2E-06 B 2E-06 B 

NA NA 2E-05 B 2EMIS B 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

ater. Groundwater, Rabbits, and Fish 

NA 1 NA 1 2E-05 B | 2E-05 B 

t Water, Grotindwater, Rabbits, and Fish 

NA 1 NA 1 2E-05 B j 2E-0S B 

Residential 

Child 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5E-05 B 

4E-06 B 

5E-0S B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 5E-05 B 

1 5E-05 B 

Aduit 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5E-05 B 

4E-06 B 

5E-0S B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 5E-05 B 

1 SE-05 B 

Noncancer H I 

Industrial 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

. NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

ChUd Adult 

NA • NA 

NA NA 

NA NA 

NA - N A . 

NA NA 

NA NA 

NA NA 

NA NA 

3E-01 B 2E-01 

9E-02 B 8E-02 

4E-0I B 3E4)I 

4E-04 B 5E-05 

2E-04 B 2E-04 

6E-04 B 3E-04 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

B 

B 

B 

B 

B 

B 

Residential 

Child 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3E-«)0 E 

2E-01 B 

4E'KI0 E 

2E-03 B 
6E-04 B 

3E-03 -B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-01 B 

2E-01 B 

5E.0I B 

IE-04 B 

4E-04 B 

SE-04 B 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

iNA NA 1 4E-01 B 1 3E-01 B 1 4E-K)0 E 5E-0I B 1 

NA ] NA 1 4E-01 B 1 3E-01 B 4E+O0 E 5E-01 B 1 

3 
a 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

OE+OO - pathway evaluated bul no risks could be calculated due to lack of EPA-approved toxicily values 

B - HI < l o r E L C R s 10" 

E - H I > I or ELCR > lO" 
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Table 6-30. Summary of Receptor Risks and Hazards for COCs at Study Area 09 
Reasonable IVIaximum Exposure 

Aniline Sludge Basin, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario TtmcfTame: Future 
Receptor Population: Resident 
Receptor Age: Child 

Medium 

Surface Watct 

Sediment 

Exposure 

Medium 

Surface Water 

Scdimenl 

Exposure 

Point 

Aniline Sludge Ba-sin 

Aniline Sludge Basin 

Chemical 

Copper 

Iron 

Anenic 

Chromium, trivalent (a-ssumcd) 

Chromium, hexavalem (assumed) 

Copper 

Iron 

Manganese 

Vanadium "" 

4-Amino-2.6-Dinitro(oluene 

Bcnzo<i^yrcnc 

N-Nitrosodiphenylamine 

(Total) 

Carcinogenic Risk 

Ingeslion Inhalation 

--

--

Dermal Exposure 

Routes Total 

Chemical 

Copper 

Iron 

(TvU!) 

Arsenic 

Chromium, uivalent (assumed) 

Chromium, hexavalem (assumed) • 

Copper 

Iron 

Manganese 

Vanadiuni 

4-Amin{>-2,6-Dinitrotoluene 

Ben20( ajpyrene 

N-Nitrosodiphenylamine 

(Total) 

Non-Ctrcinogenic H a a r d Quotient 

Primary 

Targel Organ 

Ingestion 

2.25 

2.25 

Inhalation Dennal 

0.151 

O.ISl 

Exposure 

Routes Total 

2.40 

2.40 
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Human Health Risk Assessment 

beneath the tar. The pathways evaluated are ingestion and dermal contact for recreational and 
residential receptors. The RME risk characterization suinmary for the Study Area 9 tar is presented 
in Table 6-31, and COCs for the tar are listed in Tables 6-32 through 6-35. The RME risk 
characterization summary and associated tables for the sediment beneath the tar are included in 
Appendix N. , ^ 

The maximum detected concentration of lead in the Study Area 9 tar exceeds the 400 ppm 
screemng level (EPA 1995c). Therefore, the EPA biokinetic uptake model was used to estimate 
blood lead levels in resident children. In using this model, the tar is treated as if it were soil. 

Recreational Scenario 

The combined RME cancer risk for the integrated child or adult receptor exposed tp the tar 
is 3 X 10"̂ , which exceeds the target cancer risk of 1 x lO^̂ . The combined RME His of 0.4 for the 
child and 0.3 for the adult fall below the target HI of 1. The following COCs were identifiedi for the 
integrated child or adult recreational receptor exposed to the tar based on cancer effects: 

• N-Nitrosodiphenylamine: taringestioncancerrisk= 1 X 10"̂  
tar dennal contact cancer risk = 2 x lO'-' 

Risks calculated for the integrated child or adult receptor exposed to the sediment beneath 
the tar do not exceed the target cancer risk of 1 x 10"* or the target HI of 1 (see Appendix N). 
Therefore, no COCs were identified in the sediment beneath the tar. 

Residential Scenario 

The combined RME cancer risk for the integrated child or adult resident exposed to the tar is 
8 X 10"̂ , which exceeds the target cancer risk of 1 x 10"̂ . The combined RME His are 3 for the 
child and 0.5 for the adult. The former exceeds the target HI of 1. Noncancer effects were 
segregated according to target organ. The 95* percentile mean blood lead concentration in the 
resident child exposed to the tar is 26 ng/dL, which is above the CDC target of 10 ^ig/dL. The 
following COCs were identified for the integrated child or adult recreational receptor exposed to the 
tar based on cancer and noncancer effects: 

• iron: tar ingestion HQ = 3 (child) 

tar dermal contact HQ = 0.2 (child) 

• lead: tar, 95* percentile mean blood lead level = 26 |ig/dL 

• N-Nitrosodiphenylamine: taringestioncancerrisk = 4 X 10'̂  
tar dennal contact cancer risk = 4 x 10'̂  

\ i ^ 
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Table 6-31. RME Risk Characterization Summary for Study Area 09 - Tar (Current/Future and Future Land Uses) 
Aniline Sludge Basin, Alabama Army Ammunition Plant, Childersburg, Alabama 

n •a o 
3 

Os 

> 
c (g 

to o o 

Medium Exposure 

Route 

Surface Soil Ingeslion 

(0 to < 1 ft BLS) Dermal Contact 

Inhalation 

Subtotal 

Subsurface Soil ingestion 

(1 to 10 ft BLS) Dennal Contact 

Inhalation 

siibtotai 

Sediment Ingestion 

Dermal Contact 

Silbtotal 

Surface Water Ingeslion 

Dermal Conlaci 

Subtotal 

Groundwater - Ingestion 

Dermal Conlaci 

Inhalaiion 

Subtotal 

Rabbit Ingeslion 

Subtotal 

Fish Ingestion 

Subtotal 

Surface SoU (0 to < I fl BLS), Sediment, Surface 

CombUied Hazard Index: 

Combined Cancer Risk: 

Subsurface Soil (I to 10 ft BLS), Sedunent, Surfa 

CombUied Hazard Index: 

CombUied Cancer Risk: 

CancerRisk 

Industrial 

Worker 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Construction 

Worker 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Water, Groundwater, Rabbits 

NA 1 NA 1 

Recreational 

Child 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

IE-03 E 

2E-03 E 

3E-03 E 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

and Flsh 

3E-03 E 

HX Water, Groundwater, Rabbits, and Flsh 

NA 1. NA 1 3E-03 E 

AduH 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

IE-03 E 

2E-03 E 

3E-03 E 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

3&03 E 

3E-03 E 

Residential 

Child 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

4E-03 

4E-03 

8E-0J 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 8E-03 

1 8E-03 

E 
E 
E 

E 

E 

Adult 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

4E-03 E 

4E-03 E 

8E-03 E 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 8&03 E 

1 8E'«3 E 

Noncancer m 

Industrial 

Worker 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Construction 

Worker 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Rccreatkmal 

Child 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

3E-01 B 

9E-02 B 

4E-0I B 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Adult 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

2E-0I B 

8E-02 B 

3E4)1 B 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA . 

NA 
NA 

Residential 

ChUd 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

3E-I-00 E 

2E-01 B 

3E-1-00 E 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Adutt 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

3E-0I B 

IE-OI B 

5E4)1 B 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

NA 1 NA 1 4E-01 B 1 3E-01 B I3E-I-00 E 1 5E-01 B 1 

NA 1 NA 1 4E-0I B 1 3E-0I B I3E-I-00 E 1 3E-0I B 1 

N A - paihway not evaluated or all detected chemicals eliminated as COPCs 

OE-f-00 - paihway evaluated but no risks could be calculaled due to lack of EPA-approved toxicity values 

B - HI i I or ELCR S . lO ' 

E - HI > I or ELCR > IO"* 
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Table 6-32. Summary of Receptor Risks and Hazards for COCs at Study Area 09 - Tar 
Reasonable Maximum Exposure 

Aniline Sludge Basin, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scciario Timcfnme; Future 

Receptor Populition: Recreational Uier 
Receptor Age: Child 

Medium 

Sediment 

Expoiure 

Medium 

Sediment 

Expoiure 

Poinl 

Aniline Sludge Basin 

Chemical 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Coppcr 

Iron 

Manganese 

Nickel 

N -Nitrosodiphenylamine 

(Total) 

Ingestion 

O.OOIOS 

0.00108 

Carcinogenic Risk 

Inhalation 

--

Dermal 

0.00222 

0.00222 

Exposure 

Routes Total 

0.00331 

0.00331. 

Chemica] 

Chromium, trivalent (asaumed) 

Chromium, hexavalent (assumed) 

Copper 

Iroa 

Manganese 

Nickel 

N-Nitrosodiphenylamine 

(Total) 

Primary 

Target Organ 

NoD<:arcinDgemc Hazard Quotient 

Ingeition 

--

Inhalation 

• - -

Dermal 

' . • -

--

Exposure 

• Routes Toul 

: 

--
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Os 
I 

KJ 
Pa 

S3 
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Table 6-33. Summary of Receptor Risks and Hazards for COCs at Study Area 09 - Tar 
Reasonable Maximum Exposure 

Aniline Sludge Basin, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenerio Timefritne: Future 
Receptor Populition: Recralionil U.wr 

IReccptnr Aee: Adult 

Medium 

Sediment 

Exposure 

Medium 

Sediment 

Exposure 

Point 

Aniline Sludge Basin 

Chemical 

Chromium, u-ivalcnt (asiumed) 

Chromium, hexavalent (assumod) 

Copper 

Iron 

Manganese 

Nickel 

N-Nitrosodiphcnylaminc 

(Toul) 

Carcinogenic Risk 

Ingestion 

O.OOIOS 

0.00108 

Inhaialion Dennal 

0.00222 

0.00222 

Exposure 

Routes Total 

0.00331 

0.00331 

Chemtcai 

Chromium, trivalem (assumed) 

Chromium, hexavalent (assumed) 

Copper 

Iron 

Manganese 

Nickel 

N-Nitrosodiphenylamine 

(Toul) 

Non-Carcinogenic Hazard Quolient 

Primary 

Target Organ 

Ingeslion 

--

Inhalation 

--

Dermal 

--

Exposure 1 

Routes Toul 1 
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ISmur io Timeframe: 

Recepu>r Population: 
[Receptor Age: Child 

Fuuire 1 
Resident 

Table 6-34. Summary of Receptor Risks and Hazards for COCs at Study Area 09 - Tar 
Reasonable Maximum Exposure 

Aniline Sludge Basin, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium 

Scdimenl 

Exposure 

Medium 

Sediment 

Exposure 

Poini 

Aniline Sludge Basin 

(Them ical 

Chromium. Uivalent (assumed) 

Copper 

Iron 

Manganese 

Nickel 

N-Nitrosodiphenytamine 

(Toul) 

Carcinogenic Risk 

Ingestion 

0.00395 

0.00395 

Inhalation Dennal 

0.00386 

0.00386 

Exposure 

Routes Total 

0.00780 

0.00780 

Chemical 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Copper 

Iron 

Manganese 

Nickel 

N-Nitrosodiphenylamine 

(Toul) 

Non-Carcinogenic Hazard Quotient 

Primary 

Target Organ 

--

Ingestion 

2.58 

2.58 

Inhalation Dermal 

0.173 

0.173 

Exposure 

Routes Total 

2.75 

2.75 
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Table 6-35. Summary of Receptor Risks and Hazards for COCs at Study Area 09 - Tar 
Reasonable Maximum Exposure 

Aniline Sludge Basin, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe; 

Receptor 
Receptor 

Population: 
Are Aduh 

Future 

Residem 

Medium 

Sediment 

Exposure 

Medium 

Sediment 

Exposure 

Point 

Aniline Sludge Baiin 

Chemical 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Copper 

Iron 

Manganese 

Nickel 

N-Nilrosodiphcnylamine 

(Toul) 

Carcinogenic Risk 

Ingestion 

0.00395 

0.00395 

Inhalation Dermal 

0.00386 

0.00386 

Expasure 

Routes Tou l 

0.00780 

0.00780 

Chemical 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Copper 

Iron 

Nickel 

(Total) 

Non-Carcinogenic Hazard QuolienI 

Primary 

Target Organ 

Ingeslion 

--

--

Inhalatton 

--

--

Dermal Exposure 1 

Routes Tou l | 

'J. 

^ 

i 

o o 



Human Health Risk Assessment 

Risks calculated for the integrated child or adult resident exposed to the sediment beneath 
the tar do not exceed the target cancer risk of 1 x 10"̂  or the target HI of 1 (see Appendix N). 
Therefore, no COCs were identified in the sediment beneath the tar. 

Subsequent to the RI, the tar from the Aniline Sludge Basin was excavated. The excavation 
was conducted by Environmental Chemical Corporation (ECC;:) in February 1999. The total amount 
of material excavated was 3,063 cubic yards. After the tar was excavated, confirmatory samples 
were collected and analyzed for metals and SVOCs. The samples showed no exceedances of the 
Alabama Department of Environmental Management's (ADEM's) Toxicity Characteristics 
Leaching Procedure (TCLP) regulatory limit. The excavation area was then backfilled, compacted, 
andseeded. (ECC 1999). 

6.4.4.11 Study Area 10 - Tetryl Manufacturing Area (East) 

The pathways evaluated at Study Area 10-East are soil ingestion, dermal contact, and 
inhalation of suspended soil particulates for all receptors and ingestion of rabbit for recreational and 
resident receptors. The RME risk characterization summary for Study Area 10-East is presented in 
Table 6-36, and COCs for each pathway and receptor are listed in Tables 6-37 through 6-40. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 7 x 10"̂ , which is below the target cancer risk of 1x10^. The combined RME HI of 
2 exceeds the target HI of 1. Noncancer effects were segregated according to target organ. The 
medium TOHI for the central nervous system exceeds the target HI. Therefore, the following COC 
was identified for the industrial worker based on noncancer effects: 

• manganese: surface soil dermal contact HQ = 0.2 
surface soil inhalation HQ = 2 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks imder RME 
assumptions are 4 x 10"̂  for surface soil exposure and 9 x 10'̂  for subsurface soil exposure. Both 
fall below the target cancer risk of 1 x 10"̂ . The combined RME His of 4 for siuface soil exposure 
and 2 for subsurface soil exposure exceed the target HI of 1. Noncancer effects were segregated 
according to target organ. The medium TOHI for the central nervous system in surface soil exceeds 
the target HI. In subsurface soil, the medium TOHIs do not exceed the target HI. The following 
COC was identified based on noncancer effects: 

• manganese: surface soil ingestion HQ = 0.8 
surface soil dermal contact HQ = 0.2 
surface soil inhalation HQ = 2 
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Table 6-36. RME Risk Characterization Summary for Study Area lOE (Current/Future and Future Land Use) 
Tetryl Manufacturing Area-East, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium Exposure 

Route 

Surface Soil Ingestion 

(0 to < 1 ft BLS) Demiai Contaci 

Inhalation 

Sublotal 

Subsurface Soil Ingestion 

( I t o 10 ft BLS) Deimal Contact 

Inhaialion 

Subtotal 

Sediment Ingestion 

Dermal Contaci 

Subtotal 

Surface Water Ingestion 

Dennal Coniact 

Subtotal 

Groundwater Ingestion 

Dermal Contact 

Inhalation 

Subtotal 

Rabbit Ingestion 

Subtotal 

Fish Injtestion 

Subtotal 

Suiface Soil (0 to <I R BLS), Sediment, Surface V 

Coniblned Hazard Index: 

Combined Cancer Risk: 

Subsurface Soil (1 lo 10 ft BLS), Sediment, Surfac 

Combined Hazard Index: 

Combined Cancer Risk: 

Cancer Risk 

Industrial 

Worker 

5E-06 B 

IE-06 B 

5E-07 -B 

7E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

4E-06 B 
IE-07 B 

SE-08 B 

4E-06 B 

NA 

NA 

9E-08 B 

9E-08 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA • 

NA 

NA 

NA 

NA 

Recreational 

Child 

3E-06 B 

4E-07 B 

9E-08 B 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-06 B 

4E-06 B 

NA 

NA 

/ater. Groundwater, Rabbits, and Fish 

7E-06 B 

e Water, Gro 

NA 

1 4E-06 B 

undmter, Rabb 

1 9E-08 B 

1 8E-06 B 

Its, and Flsh 

1 4E-06 B 

Adult 

3E-06 B 

4E-07 B 

9E-08 B 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-06 B 

4E-06 B 

NA 

NA 

1 8E-06 B 

1 4E-06 B 

Residential 

Child 

4E-05 B 

3E-06 B 

IE-06 B 

5E-05 B 

NA 

NA 

2E-06 B 

2E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8E-06 B 

8E-06 B 

NA 

NA 

1 6E-0S B 

1 IE-OS B 

Adult 

4E-0S B 

3 E-06 B 

IE-06 B 

5E-05 B 

NA 

NA 

2E-06 B 

2E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8E-06 B 

• 8E-06 B 

NA 

NA 

6E-0S B 

IE-05 B 

Noncancer HI 

Industrial 

Worker 

2E-0I B 

3E-01 B 

2E-100 E 

2E-H)0 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA , 

NA 

NA 

NA 

Construction 

Worker 

2E+O0 

3E-01 

2E+00 

4 E+OO 

lE-iflO 

2E-01 

4E-01 

2E+00 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

E 

B 

E 

E 

B 

B 

E 

Recreational 

Child 

IE-OI B 

7E-02 B 

3E-01 B 

SE-01 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3E-02 B 

; JE-02 B 

NA 

NA 

Adult 

7E-02 

6E-02 

lE-01 

3E-0I 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-02 

2 E-02 

NA 

NA 

B 

B 

B 

B 

B 

B 

Itesldenlial 

Child 

5E+00 

7E-01 

7E+00 

IE+01 

3E-K)0 

5E-01 

2E+00 

5E+00 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8E-02 

8E-02 

NA 

• NA 

E 

B 

E 

E 

E 

B 

E 

E 

B 

B 

Adult 

SE-01 B 

4E-01 B 

2E+00 E 

3E+00 E 

3E-01 B 

3E-01 B 

5E-01 B 

lE+OD B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3E-02 B 

3E-02 B 

NA 

NA 

2E+00 E i 4E+00 E 1 5E-01 B i 3E-01 B 1 IE+01 E 1 3E+00 E 1 

NA 1 2E+00 E 1 3E-02 B 1 2E-02 B 1 5E+00 E 1 IE+00 B 1 

3 
a 

Po 

a 
s 
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o o 

NA - pathway not evaluated or all delected chemicals eliminated as COPCs 

OE+00 - pathway evaluated bul no risks could be calculated due to lack of EPA-approved toxicity values 

B - H 1 < lo r ELCR SlO'* 

E - H I > I or ELCR > IO'* 
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Table 6-37. Summary of Receptor Risks and Hazards for COCs at Study Area lOE 
Reasonable Maximum Exposure 

Tetryl Manufacturing Area-East, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timefnine: Currenl/Fulure 
Receptor Populition; Industrial Worker 
Receptor Age: Adult 

Medium 

Surface Soil 

Exposure 

Medium 

Soil 

Air 

Expoaure 

Point 

Tetiyl Manufacmring Area-Eait 

Tetryl Manufacturing Area>East 

Chemtcai 

Arsenic 

Iron 

Manganese 

[Total) 

Arsenic 

Irvn 

Manganese 

(Total) , . 

Carcinogenic Risk 

Ingestion Inhalation Dermal Exposure 

Routes Toul 

Chemical 

Arsenic 

Iron 

Manganese 

[Total) 

Arsenic 

Iron 

Manganese 

fTotal) 

Non-Orcinogenic Hazard Quolient 

Primary 

Target Organ 

--

CNS 

Ingestion 

. --

Inhatation 

--. 

I.S2 

1.32 

Dcrnul Exposure 1 

Routes Toul 1 

1 

L 
32 

32 
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Table 6-38. Summary of Receptor Risks and Hazards for COCs at Study Area IDE 
Reasonable Maximum Exposure 

Tetryl Manufacturing Area-East, Alabama Army Ammunifion Plant, Childersburg, Alabama 
Scenario Tintcfiame: Future 
Receptor Population: Consmcbon W o i i a 
Receptor Age: AAilt 

Medium 

Surface Soil 

Subsurface Soil 

Exposuie 

Medium 

Soil 

A i l 

Soil 

Air 

Exposuie 
Point 

Tenyl Manufacluring Area-East 

Tetryl Manufacturing Area-East 

Tetiyl Manufacturing Arca-Easl 

Teliyl Manulacturing Area-East 

Ctiemical 

Aisenic 

Iran 

Mancancse 

rrotal) llll 

Chromhim. irivalenl (assumed) 

Chrumium. hexavalem (assumed) 

Iron 

Manganese 

(Total) 

Chromium, hcxavilcni (assumed) 

lion 

Manganese 

Vanadium 

(Total) 

Carcinogenic Risk 

Ingcstiun 

. 

Inhalation 

: :, , 

Dermal Exposuie 

Route:. ToUl 

Chemical 

Arsenic 

Iron 

Maneanese 

(Total) 

Arsenic 

Irun 

Manganese 

(Total) 

airuniium. liexflviilcnl (a:»Minicd) 

Iron 

Manganese 

Vanadium 

(Total) 

Chromium, trivalem (assumed) 

Iron 

Manganese 

Vanadium 

(Total) 

Nun-Carcinogenic Hazard Quotient 

Target Organ 

CNS 

CNS 

Ingestion 

0.802 

0.80 

--

inhalation 

182 

1.82 

Dennal 

0.242 

0.242 

• • 

Exposure 1 

Routes Total \ 

1.04 
1.04 

1.82 

1.82 1 
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Table 6-39. Summary of Receptor Risks and Hazards for COCs at Study Area lOE 
Reasonable Maximum Exposure 

Tetryl Manufacturing Area-East, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timefiame: Fuujre 
Receptor Population: Resident 
Receptor Age: Child 

Os 
00 

o 

Medium 

Surface Soil 

Subsurface Suil 

Rabbit 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Tissue 

Exposure 

Point 

Tetiyl Mamifacturing Area-East 

Tetiyl Manufacturing Area-East 

Tetiyl Manufacturing Area-East 

Tenyl"Manufacturing Area-East 

Tetryl Manufacturing Area-East 

Chemical 

Arsenic 

Iron 

(Total) Ilk 

Chromium, irivalenl (assumed) 

Chromium, hexavalem (assumed) 

Iron 

Manganese 

Vanadium 

(Tocal) 

Chromhim, hexavalent (assumed) 

Iron 

Manganese 
Vanadium 

(Total) 

Aisenic 

[Total) 

Caicinogcnic Risk 

Ingestton 

-

Inhalation Dennal Exposure 

Routes Total 

Chemical 

Aisenic 

Inm 

Manganese 

(Total) 

Aisenic 

Iron 

Manganese 

(Total) 

Chromium, hexavalent (assumed) 

lion 

Manganese 

Vanadium 

(Total) 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadium 

(Total) 

Aisenic 

(Tool) 

Non-Careinogenic Hazaid (>jolient 

Primaiy 

Taigct Organ 

CNS 

CNS 

CNS 

CNS 

Ingestion 

1.62 

2.18 

3.80 

2.24 

0.478 

2.72 

Inhabtion 

7.43 

7.43 

.-

1.63 

1.63 

Deimal 

0.109 

0549 

0657 

0150 

0120 

0.270 

Exposure 1 

Routes Total | 

1.73 

2.73 

4.46 

7.43 

7.43 

239 

059S 

299 

1.63 

1.63 

I 
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Table 6-40. Summary of Receptor Risks and Hazards for COCs at Study Area lOE 
Reasonable Maximum Exposure 

Tetryl Manufacturing Area-East, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timehame: Future 
Receptor Population: Resident 
Receptor Age: AduU ^__ 

Os 

Medium 

Surface Suil 

Subsurface Soil 

Rabbit 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Tissue 

Exposure 

Poira 

Tetryl ManufKturing Area-East 

Tetryl Manufacturing Arca-Ea.sl 

Tenyl Manufacturing Area-East 

Tetiyl Manulacturing Aiea-East 

Chemical . 

Aisenic 

Iron 

Manganfse 

(Total) 

Aisenic 

Iran 

Manganese 

(Total) 

Chromium, hexavalem (assumed) 

Iron 

Manganese 

Vanadium 

(Total) 

Chromium, hexavalem (assumed) 

Iron 

Mangsncse 

Vanadium 

(Total) 

Aisenic 

(Total) 

Carcinogenic Risk 

Ingestion Inhalaiion 

: 

Dermal Exposuie 

Routes Total 

Chemical 

Arsenic 

Iron 

Mancancse 

(Total) 

Arsenic 

Iron 

Manganese 

(Total) 

Chromhim, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadium 

(Total) 

Chromium, hexavalem (assumed) 

iron 

Manganese 
Vanadium 

(Tool) 

Aisenic 

(Total) 

Non-Caicinogenic Hazard (>iuiienl 

Primary 

Target Organ 

CNS 

• CNS 

Ingestion 

0.2M 

0.234 

-

Inhalation 

2.12 

2.12 

Dermal 

• • 

0339 

0339 

Exposure 

Ruutes Total 

0573 

0573 

2.12 

2.12 

•-
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Human Health Risk Assessment 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adidt receptor is 4 x 10"̂ , which is below the target cancer risk of 1 x 10^. The 
combined RME His of 0.5 for the child and 0.3 for the adult fall below the target HI of 1. 
Therefore, nb COCs were identified for recreational receptors at Study Area 10-̂ East. 

Residential Scenario 

The combined RME cancer risks for the integrated child or adult resident are 6 x 10'̂  for 
exposure to surface soil and ingestion of rabbit and 1 x 10"̂  for exposure to subsurface soil and 
ingestion of rabbit. For noncancer effects, the combined RME His are 10 (surface soil expostue and 
rabbit ingestion for the child) and 5 (subsurface soil exposure and rabbit ingestion for the child). 
For the adult, the combined RME His are 3 (surface soil exposure and rabbit ingestion) and 
1 (subsurface soil exposure and rabbit ingestion). Noncancer effects were segregated according to 
target organ. In surface and subsurface soils, the medium TOHI for the central nervous system 
exceeds the target HI for the child and the adult. The following COCs were identified for resideiits 
at Study Area 10-East based on noncancer effects: 

• iron: surface soil ingestion HQ = 2 (child) 
suiface soil dermal contact HQ = 0.1 (child) 
subsurface soil ingestion HQ = 2 (child) 
subsurface soil dermal contact HQ = 0.2 (child) 

• manganese: siuface soil ingestion HQ = 2 (child), 0.2 (adult) 
surface soil dermal contact HQ = 0.5 (child), 0.3 (adult) 
surface soil inhalation HQ = 7 (child), 2 (adult) 
subsurface soil ingestion HQ = 0.5 (child) 
subsurface soil dennal contact HQ = 0.1 (child) 
subsiuface soil inhalation HQ = 2 (child) 

6.4.4.12 Study Area 10 - Tetryl Manufacturing Area (West) 

The pathways evaluated at Study Area 10-West are soil ingestion, dennal contact, and 
inhalation of suspended soil particulates for all receptors. The RME risk characterization summary 
for Study Area 10-West is presented in table 6-41. 

The maximum detected concentration of lead at Study Area 10—^West exceeds the 400 ppm 
screening level in surface soil (EPA 1995c). Therefore, models were used to estimate blood lead 
levels in resident children, industrial workers, and construction workers. 

V-
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Table 6-41. RME Risk Characterization Summary for Study Area lOW (Current/Future and Future Land Use) 
Tetryl Manufacturing Area-West, Alabama Army Ammunition Plant, Childersburg, Alabama 

00 

> 
c 

OQ 

c 

o o 

Mtdlum Eiposure 
Roiiie 

Surface Soil Ingestion 
(010 < 1 ft BLS) Dermal Coniact 

Inhalation 
Subtotal 

Subsurface Soil Ingestion 
(Itn in ft BLS) Demiai Coniact 

Inhalation 
Subtotal 

Sediment Ingestion 
Dennal Contaci 
Subtotal 

Surface Water Ingeslion 
, Dermal Conlaci 

Subtotal 

Grountiwatcr Ingestion 
Dermal Coniact 
Inhalaiion 
Subtotal 

Rabbit Ingestion 
Subtotal 

Fish Ingestion 
Subtotal 

Surface Soil (0 to < 1 n BLS), SetHment, Surface V 

Combined Hazard Indei: 

Combined Cancer Risk: 

Subsurface Soil (1 to 10 ft BLS), Sediment, Surfac 
Combined Hazard Indei: 
Combined Cancer Risk: 

Cancer Risk 
Industrial Construction Recreational 
Worker Worker Child 

3E-08 B 2E-08 B 2E-08 B 
7E.08 B 6E-09 B 2E-08 B 
NA NA NA 

IE-07 B 3E.08 B 4E-08 B 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA ' NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 
NA . NA NA 

NA , NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 

'ater, Groundwater, Rabbits, and Flsh 

IE-07 B 1 3E.08 B | 4E.08 B 

e Water, Groundvrater, Rabbits, and Flsh 

NA 1 NA 1 NA 

Ada!! 

2E-08 B 
2E.08 B 
NA 

4E-08 B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 4E.08 B 

1 NA 

Residential 
Child 

3E.07 B 
IE-07 B 
NA 

4E-07 B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

i 4E-07 B 

1 NA 

Adult 

3E-07 B 
IE-07 B 
NA 

4E-07 B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 4E-07 B 

1 NA 

Noncancer HI 
Industrial 
Worker 

IE-04 B 
3E-04 B 
NA 

4E-04 B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Construction 
Wer 

7E-04 
2E-04 
NA 

8E-04 

9E-03 
2E-03 
NA 

IE-02 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

ker 

B 
B 

B 

B 
B 

B 

Recreational 
Child 

7E-03 B 
6E-05 B 

NA 
IE-04 B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

.Adiilt 

4E-05 B 
5E-05 B 
NA 

9E-05 B 

NA 
NA 
NA • 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Residential 
Child 

3E-03 
6E-04 

NA 
3E-03 

2E-01 
5E-02 
NA 

3E-0I 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

B 
B 

B 

B 
B 

B 

.Adult 

3E-04 B 
4E-04 B 

NA 
7E-04 B 

3E-02 B 
3E-02 B 
NA 

6E-02 B 

NA 
NA 
NA 

NA 
NA 
NA 

. NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

4E-04 B 8E-04 B 1 IE-04 B 1 9E-05 B 1 3E-03 B 7E-04 B 1 

NA IE-02 B 1 NA 1 NA I 3E-01 B 6E-02 B 1 

NA - paihway not evaluated or all delected chemicals eliminated as COPCs 

OE+OO - paihway evaluated biit no risks could be calculaled due lo lack of EPA-approved toxicity values 

B - HI < I or ELCRS 10" 

E -H1> I or ELCR > IO"* 
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Human HeaUh Risk Assessment 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 1 x lO'', which falls below the target cancer risk of 1 x 10"̂ . The combined RME HI 
of 4 X 10^ falls below the target HI of 1. The 95'*' percentile mean blood lead concentration in the 
fetus ofthe industrial worker is 8 ^ig/dL, which is below the CPDC target of 10 ng/dL. Therefore, no 
COCs were identified for the industrial worker at Study Area .10-West. 

Construction Scenario 

For construction workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 3 x 10'̂ , which falls below the target cancer risk of 1 x lO"*. Cancer risks were not 
quantified for subsurface soil because none of the subsurface soil COPCs has a toxicity value for 
cancer effects. The combined RME His of 8 x 10"̂  for surface soil exposure and 0.01 for 
subsurface soil exposure fall below the target HI of 1. The 95^ percentile mean blood lead 
concentration in the fetus of the construction worker exposed to surface soil is 9 |ag/dL, which is 
below the CDC target of 10 \ig/dL. Therefore, no COCs were identified for the construction worker 
at Study Area 10-West. 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adult receptor is 4 x lO'̂ , which is below the target cancer risk of 1 x lo^. The 
combined RME His of 1 x 10^ for the child and 9 x IQ-̂  for the aduk faU below the target HI of 1. 
Therefore, no COCs were identified for recreational receptors at Study Area 10-West. 

Residential Scenario 

The combined RME cancer risk for the integrated child or adult resident is 4 x 10'' for 
exposure to surface soil. Both fall below the target cancer risk of 1 x 10"̂ . Cancer risks were not 
quantified for subsurface soil because none ofthe subsurface soil COPCs has a toxicity value for, 
cancer effects. For noncancer effects, the combined RME His are 0.003 and 0.3 (siuface and 
subsurface soil exposures, respectively for the child) and 0.0007 and 0.06 (surface and subsuiface 
soil exposures, respectively for the adult). All are below the target HI of 1. The 95"' percentile 
mean blood lead concentration in the resident child exposed to surface soil is 13 ^g/dL, which is 
above the CDC target of 10 ^g/dL. Therefore, the following COC was identified for residents at 
Study Area 10-West: 

• lead: surface soil, 95"' percentile mean blood lead level =13 ng/dL 

^ 
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Human HeaUh Risk Assessment 

6.4.4.13 Study Area 16 - Flashing Ground 

The pathways evaluated at Study Area 16 are soil ingestion, dermal contact, and inhalation 
of suspended soil particulates for all receptors and ingestion of rabbit for recreational and resident 
receptors. One surface wat^r and one sediment sample were collected fi-om an area of ponded 
drainage at Study Area 16. In the sediment sample, all chemicals were eliminated as COPCs in the 
background comparison and RBC screen. COPCs were identified in the surface water sample and 
risks were ciilculated for these COPCs (i.e., ingestion and dermal contact exposures for residents 
and recreational receptors). Ifhe RME risk characterization siunmary for Study Area 16 is presented 
in Table 6-42 and COCs for each pathway and receptor are listed in Table 6-43. 

The maximum detected concentration of lead in soil at Study Area 16 exceeds the 400 ppm 
screening level in surface and subsurface soils (EPA 1995c). Therefore, models were used to 
estimate blood lead levels in resident children, industrial workers, and construction workers. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 3 x 10'̂ , which falls below the target cancer risk of 1 x lO"̂ . The combined RME HI 
of 0.6 falls bi3low the target HI of 1. The 95* percentile mean blood lead concentration in the fetus 
ofthe industrial worker is 9 pg/dL, which is below the CDC target of 10 |4g/dL. Therefore, no 
COCs were identified for the industrial worker at Study Area 16. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
assumptions are 1 x lO'̂  for surface soil exposure and 2 x 10"̂  for subsurface soil exposure. The 
combined RME His are 2 for surface soil exposure and 1 for subsurface soil exposure. The former 
exceeds the target HI of 1. Noncancer effects were segregated according to target organ. The 
medium TOHIs for surface soil do not exceed the target HI. The 95"' percentile mean blood lead 
concentration in the fetus of the construction worker is 11 jig/dL for surface soil exposure and 
9 |ig/dL for siubsurface soil exposure. The fonner is above the CDC target of 10 pg/dL. Therefore, 
the following COC was identified for the construction worker at Study Area 16: 

0 

o lead: surface soil, 95"' percentile mean blood lead level = 11 fig/dL 

Recreational Scenario 

For recreational receptors exposed to surface soil and ingesting rabbit, the combined RME 
cancer risk for the integrated child or adult receptor is 1 x lo:^ which is below the target cancer risk 
of 1x10"^. The combined RME His of 0.2 (surface soil, surface water, and rabbit ingestion 
exposure) for the child and the adult fall below the target HI of 1. Therefore, no COCs were 
identified for recreational receptors at Study Area 16. 
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Table 6-42. RME Risk Characterization Summary for Study Area 16 (Current/Future and Future Land Use) 
Flashing Ground, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium Exposure 
Route 

Surface Soil Ingestion 
(0 to <1 ft BLS) Dermal Coniact 

Inhalation 
Subtotal 

Subsurface Soil Ingestion 
(1 to 10 ft BLS) Dermal Coniact 

Inhalaiion 
Subtotal 

Sediment Ingestion 
Dermal Contact 
Sublotal 

Surface Waler Ingeslion 
Dermal Contaci 
Subtotal 

Groundwater Ingeslion 
Dermal Contaci 
Inhalation 
Subtotal 

Rabbit Ingestion 
Subtotal 

Fish higestion 
Subtotal 

Cancer Risk 
Industiial 
Worker 

IE-05 B 
2E-0S B 
IE-06 B 
3E-05 B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA • 
NA ; 

NA 
NA 

NA 
NA . 

Surface Soil (0 to <l ft BLS), Sediment, Surface Water; Groundw 

Combined Hazard Indci: 
Combined Cancer Risk: 

Subsurface Soil (1 lo 10 ft BLS), Sediment, Surfac 
Combined Hazard Index: 
Combined Cancer Risk: 

3E-05 B 1 

e Water, Groua 

NA 1 

Construction 
Worker 

9E-06 B 
2E-06 B 
IE-07 B 
IE-05 B 

2E:06 B 
4E-07 B 
2E-10 B 
2E-06 B 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

ater. Rabbits, a 

IE-05 B 

Recreational 
Child 

8E-05 B 
6E-06 B. 
2E-07 B 
IE-05 B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

4E-08 B 
4E-08 B 
8E-08 B 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

nd Flsh 

IE-05 B 

dwater. Rabbits, and Flsb 

2E-06 B 8E-08 B 

Adult 

8E-06 
6E-06 
2E-07 
IE-05 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

4E-08 
4E-08 
8E-08 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

IE-05 

8E-08 

B 
B 
B 
B 

B 
B 
B 

B 

B 

Residential 
ChUd 

IE-04 
4E-05 
3E-06 
2E-04 

2E-05 
9E-06 
5E-09 
3E-05 

NA 
NA 
NA 

IE-07 
7E-08 
2E-07 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 2E-04 

1 3E-05 

B 
B 
B 
E 

B 
B 
B 
B 

B 
B 
B 

E 

B 

Adult 

1E.04 
4E-05 
3E-06 
2E-04 

2E-05 
9E-06 
5E-09 
3E-05 

NA 
NA 
NA 

IE-07 
7E-08 
2E-07 

NA 
NA 
NA 
NA 

• NA 
NA 

NA 
NA 

.2E-04 

3E-05 

B 
B 
B 
E 

B 
B 
B 
B 

B 
B 
B 

E. 

-

B 

• 

Noncancer HI 
Industrial 
Worker 

2E-01 B 
4E-0I B 
3E.03 B 
6E-0I B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Construction 
Worker 

2E+00 
4E-01 
4E-03 
2Et00 

9E-0I 
2E-01 
NA 

IE+00 

NA 
NA 

. NA 

NA 
NA 
NA 

NA 
NA 
NA 

. NA 

NA 
NA 

NA 
NA 

E 
B 
B 
E 

B 
B 

B 

Recreational 
ChUd 

lE-01 B 
8E-02 B 
6E-04 B 
2E-0I B 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

7E-03 B 
9E-03 B 
2E-02 B 

NA 
NA 
NA 
NA 

IE-02 B 
lE-02 B 

NA 
NA 

Adult 

7E-02 
7E-02 

. 3E-04 
IE-OI 

NA 
NA 
NA 
NA 

. NA 
NA 
NA 

9E-04 
9E-03 
9E-03 

NA 
NA 
NA 
NA 

8E-03 
8E-03 

NA 
NA 

B 
B 
B 
B 

B 
B 
B 

B 
B 

Residential 
ChUd 

5E+00 
8E-01 
IE-02 

6E+00 

3E-K)0 
4 E-01 

NA 
3E+00 

NA 
NA 
NA 

4E-02 
2E-02 
6E-02 

NA 
NA 
NA 
NA 

4E-02 
4E-02 

NA 
NA 

E 
B 
B 
E 

E 
B 

E 

B 
B 
B 

B 
B 

Adult 

5E-01 B 
- 5E:OI B 

.4E-03 B 
IE+00 B 

•3E-OI B 
3E-01 B 
NA 

5E-0I B 

NA 
NA 
NA 

2E-03 B 
2E-02 B 
2E-02 B 

NA 
NA 
NA 
NA 

2E-02 B 
2E-02 B 

NA 
NA 

6E-01 B 1 2E+00 E 1 2E-01 B 1 2E-01 B 1 6E+00 E IE+00 B 1 

NA 1 IE+00 B 1 3E-02 B 1 2E-02 B 1 3E+00 E 6E-01 B 1 

? 
a 
Si 

Pa 

a 
;a 

NA - pathway not evaluated or all detecied chemicals eliminated as COPCs 
OE+OO - pathway evaluated but no risks could be calculated due to lack of EPA-approved toxicily values 

" B - H l ^ l o r E L C R S l O " 
E - HI > 1 or ELCR > 10"* • 

,r 
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Table 6-43. Summary of Receptor Risks and Hazards for COCs at Study Area 16 
Reasonable Maximum Exposure 

Flashing Ground, Alabama Army Ammunition Plant, Childersburg, Alabama 
IISccnariD Timefraine: R m i r r 
I Receptor PofHiUiian: Reuden i 
Ipteccptof A f c : Child 

Os 
00 

> 
c 
tg 

o o 

purfacc Soil 

1 

ISubcurfKc Soil 

kurfKC W u c r 

Ribbil 

EspoRire 

Sal 

Air 

Soil 

Aif 

SuxfKC Water 

T i u u e 

- • 

Expo«ur« 

Point 

F luh ing Ground 

Chemkal 

Aluminum 

Ariroic 

CKlmium 

jCopper 

!". 
H m u r y 

R u h i n s Ground 

F l i i h i n ( C n w i d 

R M h i n i Ground 

R a i h i n s G n w n d 

R u h i n i Ground 

Vinadium 

Benio<a)Bnihraecnc 

BeniD(a)pyrcne 

Bcnia(b)fl u o n n t h e nc 

Diben2o(aJi)onthncene 

lTidrnn( l ,2 .Vrf) r7renr 

[TouJ) 

Alunnnum 

A i a n i c 

Cadmium 

Copper 

Iran 

Mercury 

VaiMlium 

Beiao(a)pyTenc 

Dibcn2£<aJi)uUhncnic 

lndrnti( 1.2.3-cd)pyrtne 

(Toul ) 

Ccpper 

2.4.6-Trinitro(olutn« 

2 .4-Dimuwoluene 

Bcnio(a)pyrene 

Bcnzo(b )nuonn thnK 

(Total) 

Copper 

2.4.6-Triniuotolucne 

2,4 'Dini Uototuene 

Ben2o(i)pyrene 

Beazo(b}rhiarmnihcnc 

(Tott l ) 

C o b d l 

Ircn 

ManxancK 

2.4.6-TriniUotalu«K 

2.4-Dinitrotoluene 

(Total) 

ChiofTuum, t n valent ( u n u n c d ) 

Nickel 

( T o u l ) 

t n i r u i a n 

6 .270&O3 

-

J .971E« 

3.2O0E« 

3 . 0 » E « 

».343E<«S 

I.MIOE-Ofi 

O.OOOIW 

C u c b w s c n i c Ritk 

1.91 IE-06 

] .9 t IE-06 

Derma] 

3 .737EJ)6 

3 . J 4 3 E 0 6 

J . 5 2 2 E 0 5 

3 .964E« 

3.423E-06 

I.WIEJW 

3.995 E-03 

Expomrc 

Rouie. Toul 

Cheniice] 

Atuminum 

6.644E43 IbKiiie 

Cadinium 

Copper 

Mereuiy 

Vmadium 

5.3I4E-06 JBeiuotikiithncene 

3.723E« peiiio<«>pyrei« 

S.992E-06 penlo(b)IHiomll»i« 

2.lt/tlF-nA 

0.000149 

I.9IIE06 

DibenZfK ' lb )>nthf'KCQe 

l n d e n n ( l , 2 , l < d Y y r e n e 

H'ottJ) 

Aluminum 

Afvnic 

Cadmiuin 

Copper 

Iron 

MefcUTY 

Vanadium 

|Benzo(a)uuhiaceiie 

BeTiM(a)pTrcnc 

^eiiio(b)lliioriiilhcnc 

1.91 IE-06 

Dihen»(*.h)anihr»cene 

liKlrnnj 1,2.3-cd)p)rrene' 

[Tottl) 

Copper 

|Bciuo(a)pyreiic 

[Tou]) 

ICcwer 

Benin(a)pyrene 

(Tottl) 

Coball 

Iron 

2.4.6-Truutrotoluenc 

rrooi) 
Chromium, trivalem (aanimed) 

Chromium, h e u n k n i (ascumed) 

Nickel 

U o t t l ) 

"" " " 
Non-Can inofcn ic ' Hazard Quotieni 

Primary 

Target Organ 

liver 

Ingeuion 

•» I - r 

2.17 

2 .43 

2 .43 

Inhalation 

A \AM. 

U.I46 

0.407 

0.407 

E i p o n i r e 

Routes T o u l 

2 .32 

2 .32 

2 .84 

2 .84 

-3 
:a 

Po 
is-
JI?" 

:^ 
S3 
% 

;a 



Human Health Risk Assessment 

Residential Scenario 

The combined RME cancer risks for the integrated child or adult resident are 2 x 10^ for 
exposure to surface soil, which are above the target cancer risk of 1 x 10^, and 3x10'^ for exposure 
to subsurface soil. Cancer effects were not quantified for ingestion of rabbit becaiise none of the 
COPCs in rabbit tissue has a toxicity value for cancer effects. For noncancer effects, the combined 
RME His are 6 (surface soil exposure and rabbit ingestion for the child) and 3 (subsurface soil 
exposure and rabbit ingestion for the child). For the adult, the combined RME His are 
1 (surface soil and surface water exposure and rabbit ingestion) and 0.6 (subsurface soil and surface 
water exposure and rabbit ingestion). Noncancer effects were segregated according to target organ. 
In subsurface soil, the medium TOHI for the liver exceeds the target HI for the child and the adult. 
The 95'*' percentile mean blood lead concentration in the resident child is 18 \ig/dL for exposure to 
surface soil and 12 jig/dL for exposure to subsurface soil, which are above the CDC target of 
10 fig/dL. The foUowing COCs were identified for residents at Study Area 16 based on cancer and 
noncancer effects: 

arsemc: surface soil ingestion cancer risk = 6 x 10'̂  
surface soil dermal contact cancer risk = 4x10"^ 
surface soil inhalation cancer risk = 2 x lO"* 

• iron: 

• lead: 

surface soil ingestion HQ = 2 (child) 
surface soil dermal contact HQ = 0.1 (child) 

surface soil, 95'*' percentile mean blood lead level =18 |ig/dL 
subsurface soil, 95**̂  percentile mean blood lead level =12 
Mg/dL 

benzo(a)anthracene: surface soil ingestion cancer risk = 3x10 
surface soil dennal contact cancer risk = 2x10"^ 

benzo(a)pyrene: ,-5 surface soil ingestion cancer risk = 3 x lo 
surface soil dermal contact cancer risk = 3 x 10'' 

benzo(b)fluoranthene: 

dibenzo(a,h)anthracene: 

surface soil ingestion cancer risk = 5 x 10"̂  
surface soil dermal contact cancer risk = 4 x 10"̂  

surface soil ingestion cancer risk = 4 x lO"̂  
surface soil deraial contact cancer risk = 3x10"^ 

indeno(l,2,3-cd)pyrene: surface soil ingestion cancer risk = 2 x 10"̂  
surfaice soil dermal contact cancer risk =1 x lO"* 

• 2,4,6-trinitrotoluene: subsurface soil ingestion HQ = 2 (child) 
subsurface soil dermal contact HQ = 0.4 (child) 
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Human HeaUh Risk Assessment 

6.4.4.14 Study Area 17 ~ Propellant Shipping Area 

The pathways evaluated at Study Area 17 are soil ingestion, dennal contact, and inhalation 
of suspended soil particulates for all receptors and ingestion of rabbit for recreational and resident 
receptors, llie RME risk characterization summary for Study Area 17 is presented in Table 6-44, 
and COCs for each pathway and receptor are listed in Tables 6-45 through 6-47. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 2 x 10'̂ , which falls below the target cancer risk of 1 x lo^. The combined RME HI 
of I equals but does not exceed the target HI of 1. Therefore, no COCs were identified for the 
industrial worker at Study Ai'ea 17. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
assumptions are 1 x lO'̂  both for surface and subsurface soil exposure. Each is below the target 
cancer risk of 1 x lO"*. The combined RME His are 3 for surface soil exposure and 1 for subsurface 
soil exposure. The former exceeds the target HI of 1. Noncancer effects were segregated according 
to target organ. The medium TOHI for the central nervous system for surface soil exceeds the 
target HI. In subsurface soil, the medium TOHIs do not exceed the target HI. The following COC 
was identified based on noncancer effects: 

• manganese: surface soil ingestion HQ = 0.5 
surface soil dennal contact HQ = 0.1 
surface soil inhalation HQ = 1 

Recreational Scenario 

For recreational receptors exposed to surface soil and ingesting rabbit, the combined RME 
cancer risk fbr the integrated child or adult receptor is 2 x 10'\ which is below the target cancer risk 
of 1 X 10^. The combmed RME His of 0.4 for the child and 0.2 for the adult fall below the target 
HI of 1. Therefore, no COCs. were identified for recreational receptors at Study Area 17. 

Residential Scenario 

The combined RME cancer risks for the integrated child or adult resident are 1 x 10 for 
exposure to surface soil and ingestion of rabbit and 2x10"^ for exposure to subsurface soil and 
ingestion of rabbit. For noncancer effects, the combined RME His are 10 (surface soil exposure and 
rabbit ingestion for the child) and 4 (subsurface soil exposure and rabbit ingestion for the child). 
For the adult, the combined RME His are 9 (surface soil exposure and rabbit ingestion) and 
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Table 6-44. RME Risk Characterization Summary for Study Area 17 (Current/Future and Future Land Uses) 
Propellant Shipping Area, Alabama Army Ammunition Plant, Childersburg, Alabama , 

Medium Eiposure 

Route 

Surface Soil Ingestion 

{ O t o < l f t B L S ) Dennal Conlatrt 

Inhalation 

Subtotal 

Subsurface Soil Ingeslion 

( I t o l O f l B L S ) Demiai Contact 

Inhalation 

Subtotal 

Sediment Ingestion 

Dermal Contact 

Subtotal 

Surface Water Ingestion 

Demiai Contact 

Subtotal 

Groundwater Ingeslion 

Dermal Conlaci 

Inhalation 

Subtotal 

Rabbit Ingeslion 

Subtotal 

Fish Ingestion 

Subtotal 

Surface Soli (0 to < 1 ft BLS), Sediment, Surface W 

Combined Hazard Inde i : 

Combined Cancer Risk: '• | 

Subsurface Soil (1 to 10 ft BI.S), Sediment, Surfac 

Combined Hazard Indei : 

Combined Cancer Rislt: | 

Cancer Risk 

Industrial 

Worker 

IE.OS B 

3E-06 B 

IE-06 B 

2E-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA . 

NA

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

9E-06 B 

3E-07 B 

IE-07 B 

IE-OS B 

IE-05 B 

3E-07 B 

2E-07 B 

IE-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

8E-06 B 

IE-06 B 

2E-07 B 

9E-06 B 

NA 

NA 

NA 

NA • 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA • 

NA 

NA 

9E-06 B 

9E-06 B 

NA 

NA 

ater, Groundwater, Rabbits, and Flsh 

2E-0S B 1 

t Waler, Groun 

NA 1 

IE-05 B 1 

dwater. Rabbits 

IE-05 B 1 

2E-05 B 

1, and Fish 

9E-06 B 

Adull 

8E-06 

IE-06 
2E-07 

9E-06 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

9E-06 

9E-06 

NA 

NA 

1 2E-05 

1 9E-06 

B 

B 

B 

B 

B 

B 

B 

B 

' Residential 

Chiid 

IE-04 B 

7E-06 B 

3 E-06 B 

IE-04 B 

IE-04 B 

8E-06 B 

6E-06 B 

IE-04 B 

NA .. 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-05 B 

2E-05 B 

NA 

NA 

1 IE-04 B 

1 2E-04 E 

Adult 

IE-04 B 

7E.06 B 

3E-06 B 

IE.04 B 

IE-04 B 

8E.06 B 

6E-06 B 

IE-04 B 

NA . 

NA 

•NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-05 B 

2E-05 B 

NA 

NA 

IE-04 B 

2E-04 E 

Noncancer H I 

Industrial 

Worker 

2E-01 B 

2E-01 B 

9E-01 B 

lE+OO B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

2E+<)0 E 

2E-01 B 

lE+OO B 

3E+00 E 

IE+00 B 

6E-02 B 

3E-01 

IE+<IO B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

IE-OI B 

5E-02 B 

2E-01 B 

4E-01 B 

NA 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5E-02 B 

SE-02 B 

NA • • 

• NA 

Aduit 

8E-02 

5E-02 

8E-02 

2E-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3E-02 

3E-02 

NA 

NA 

B 

B 

B 

B 

B 

B 

Residential 

Child 

5E+00 E 

5E-0I B 

4E+00 E 

IE+01 E 

3E-K)0 E 

2E-01 B 

IE+00 B 

4E+00 E 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

• NA 

2E-01 B 

2E4)I B 

NA , 

N A : 

Adult 

6E-01 B 

3E-01 B 

IE+00 B 

2E+O0 E 

3E-01 B 

IE-OI B 

3E-01 B 

7E4I1 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7E-02 B 

7E-02 B 

NA 

• NA 

_ 
lE-fOO B 1 3E+00 -E 1 4E-01 B 1 2E-01 B 1 lE+Ol E 2E+00 E 1 

i 

NA 1 1E400 B 1 SE-02 B 1 3E-02 B 1 4E+00 E 8E-01 B 1 

3 » 
a 

Pa 
55-

i: 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 
OE+00 - pathway evaluated but no risks could be calculated due lo lack of EPA-approved toxicity values 
B - H l S l o r E L C R c l O " 
E - H l > l o r E L C R > 10" 

. r r c 
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Table 6-45. Summary of Receptor Risks and Hazards for COCs at Study Area 17 
Reasonable Maximum Exposure 

Propellant Shipping Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe: Futwe 
Receptor Population: Constmction Woriter 
Receptor Age: Adull 

SO 

Medium 

Surface Soil 

Subsurface Soil 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Exposuit 

Point 

Propeilanl Shipping Area 

Propellant Shipping Aiei 

Propellant Shipping Arta 

Propellant Shipping Area 

Chemtcai 

Aluminum 

Arsenic 

Iron 

Manganese 

(Total) 

Aluminum 

Arsenic 

Iron 

Manganese 

(Total) 

Arsenic 

Chromium, trivalent (auumed) 

Chromium, hexavalem (asnuned) 

Manganese 

(Total) 

Arsenic 

Chromium, trivalent (asiumed) 

Chromium, hexavalent (assumed) 

Manganese 

(Total) 

Carcinogenic Risk 

Ingestion Inhalation 

--

Dermal Exposure 

Routes Total 

.. 

Chemical 

Aluminum 

Arsenic 

Iron 

Manganese 

(Total) 

Aluminum 

Arsenic 

Iron 

Manganese 

(Total) 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Manganese 

(Total) 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hexavalem (assumed) 

Manganese 

(Total) • 

Non-Carcinogenic Hazard Quolient 

Primaiy 

Target Organ 

CNS 

CNS 

Ingestion 

0.470 

0.47 

.. 

Inhaialion 

1.07 

1.07 

Dennal 

0.142 

0.142 

--

E.vposurc 

Roulcs Total 

0.612 

061 

1.07 

1.07 

-

r 
a 

Pa 

a 

> 

O 
O 
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Table 6-46. Summary of Receptor Risks and Hazards for COCs at Study Area 17 
Reasonable IVIaximum Exposure 

Propellant Shipping Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timerrame: Fumre 
Receptor Poputation: Resident 
Receptor Age: Child 

CTs 

to 

\ 
Medium 

Surface Soil 

Isubsurface Soil 

Rabbii 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Tissue 

Exposure 

Point 

Propellant Shipping Area 

Propellant Shipping Area 

Propellant Shipping Area 

Propeilanl Shipping Area 

Propellant Shipping Area 

Chemical 

Aluminum 

Arsenic 

Iron 

Manganese 

aotal) 
Aluminum 

Arsenic 

Iron 

Manganese 

CTotal) 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hexavalem (assumed) 

Manganese 

(Total) 

Arsenic 

Chromium, trivalent (assumed) 

Chromiiun. hexavalent (assumed) 

Manganese 

(Total) 

Arsenic 

bist 2-EthylhexyDphlhalate 

(Total) 

Carcinogenic Risk 

Ingestion 

-

Inhalation Demiai 

--

- --

Exposure 

Routes Total 

Cheniical 

Aluminun) 

Aisenic 

Iron 

Manganese 

(Total) 

Aluminum 

Aisenic 

Iron 

Manganese 

(Total) 

Aisenic 

Chromium, trivalent (as.sumcd) 

Chromium, hexavalent (assumed) 

Manganese 

(Tool) 

Aisenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Manganese 

(Total) 

Aisenic 

bis(2-EthylhcxyI)plithaIate 

(Total) 

Non-Carcinogenic Hazard Quolient 

Primary 

Target Oi^an 

skin 

CNS 

CNS 

skin 

CNS 

CNS 

Ingestion 

l .M 

1.70 

1.28 

4.97 

.. 

2.31 

0.323 

2.63 

-• 

Inhalation 

4.35 

4.35 

l.IO 

l.IO 

--

Dermal 

0.0487 

0114 

0.321 

0.484 

0.0565 

0.0811 

0.138 

Exposuie 

Routes Total 

2.03 

1.82 

1.60 

5.45 

4.35 

435 

2.36 

0.404 

2.77 . 

1 10 

l.IO 

- • 

3 
a 

55-

f> 

a 
3 

> 
B 

O 
O 
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Table 6-47. Summary of Receptor Risks and Hazards for COCs at Study Area 17 
Reasonable Maximum Exposure 

Propellant Shipping Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe: Fulure 
Receptor Population: Resident 
Receptor Age: Adult 

SO 
U ) 

Medium 

Surface Soil 

Subsurface Soi 

Rabbit 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Tissue 

Exposure 

Poinl 

Propeilanl Shipping Area 

Propellant Shipping Area 

Propellant Shipping Area 

Propellant Shipping Area 

Propellant Shipping Area 

Chemical 

Aluminum 

Arsenic 

Ircn 

Manganese 

(Total) 

Atuminum 

Aisenic 

Iron 

Manganese 

(Toul) 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hcxavnlent (assunKd) 

Manganese 

(Total) 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hcxaralcnt (assumed) 

Manganese 

(Total) 

Arsenic 

bis(2-Ethylhexyl)phihaUte 

(Total) 

Carcinogenic Risk 

Ingestion Inhalatton 

--

Dennal 

--

• • 

-. 

•-

--

--

Exposure 

Routes Total 

Oiemical 

Aluminum 

Arsenic 

!rsr. 

Manganese 

(Toul) 

Atuminum . 

Arsenic 

Iron 

Manganese 

[Total) 

Arsenic 

Chromiuni trivalent (assumed) 

Chromium, hexavalent (assumed) 

Manganese 

(Total) 

Arsenic 

Chromium, trivalent (assurtKd) -

Chromium, hexavalent (assumed) 

Manganese 

ITotal) 

Aisenic 

bis(2-Ethylhcxyl)phthalatc 

(Toul) 

Non-Carcinogenic Hazard Quotient 

Primary 

Target Organ 

CNS 

CNS 

•-

Ingestion 

0.137 

0.137 

Inhalation 

--

1.24 

1.24 

Dermal 

0.199 

0.199 

• -

•-

--

--

--

Exposuie 

Roulcs Total 

0.336 

0.336 

1.24 

1.24 

-: 

--

-• 

^ 

3 

'Ct 

> 
B eg 
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Human Health Risk Assessment 

3 (subsurface soil exposure and rabbit ingestion). Noncancer effects were segregated according to 
target organ. In surface and subsurface soil, the medium TOHIs for the skin and central nervous 
system exceed the target HI for the child, emd only the central nervous system TOHI exceeds the 
target HI fpr the adult. The following COCs were identified for residents at Study Area 17 based on 
noncancer effects: 

• arsenic: surface soil ingestion HQ = 2 (child). 
subsurface soil ingestion HQ = 2 (child) 

• iron: surface soil ingestion HQ = 2 (child) 
surface soil dermal contact HQ = 0.1 (child) 

• manganese: surface soil ingestion HQ = 1 (child), 0.1 (adult) 
siuface soil dermal contact HQ = 0.3 (child), 0.2 (adult) 
surface soil inhalation HQ = 4 (child), 1 (adult) 
subsiuface soil ingestion HQ = 0.3 (child) 
subsurface soO inhalation HQ = 1 (child) 

6.4.4.15 Study Area 18 - Blending Tower Area 

The pathways evaluated at Study Area 18 are soil ingestion, dermal contact, and inhalation 
of suspended soil particulates for all receptors. The RME risk characterization summary for 
Study Area 18 is presented in Table 6-48, and COCs for each pathway and receptor are listed in 
Tables 6-49 and 6-50. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 2 x 10"̂ , which falls below the target cancer risk of 1 x lO"̂ . The combined RME HI 
of 1 equals but does not exceed the target HI of 1. Therefore, no COCs were identified for the 
industrial worker at Study Area 18. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
assumptions are 9 x 10"̂  for surface soil exposure and 5 x 10"̂  for subsurface soil exposure. The 
combined RME His are 3 for surface soil exposure and 1 for subsurface soil exposure. The former 
exceeds the target HI of 1. Noncancer effects were segregated according to target organ. The 
medium TOHIs for surface soil do not exceed the target HI. Therefore, no COCs were identified 
for the construction worker at Study Area 18. 

V 
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Table 6-48. RME Risk Characterization Summary for Study Area 18 (Current/Future and Future Land Uses) 
Blending Tower Area, Alabama Army Ammunition Plant, Childersburg, Alabama 

CT\ 
I 

SO 
L/< 

> 
e 

O 
o 

Mediuin Exposure 

Roule 

Surface Soil Ingestion 

(0 to < 1 n BLS) Dermal Coniact 

Inhalation 

Subtotal 

Subsurface Soil Ingeslion 

(1 to 10 n BLS) Dermal Contaci 

Iniiaiaiion 

Subtotal 

Sediment Ingeslion 

Dermal Contaci 

Subtotal 

Surface Water Ingestion 

Dermal Contaci 

Sublotal 

Groundwater Ingestion 

Dermal Contact 

Inhalation 

Subtotal 

Rabbii Ingestion 

Sublotal 

Fish Ingestion 

Subtotal 

Surface Soil (0 lo < l ff BLS), Sediment, Surface V 

Combined Hazard Indei : 

Combined Cancer Risk: 

Subsurface Soil ( l l o 10 ft BLS), Sediment, Surfac 

Combined Hazard Index: 

Combined Cancer Risk: 

Cancer Risk 

Industrial 

Worker 

IE-05 B 

3E-06 B 

2E-06 B 

2E-0S B 

NA 

NA 

N A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

gE-06 B 

2E-07 B 

2E-07 B 

9E-06 B 

NA 

NA 

jE-Os B 

5E-08 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

7E-06 B 
8E-07 B 

3E-07 B 

8E-06 B 

NA 

NA 

N A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

'ater. Groundwater, Rabbits, and Fish 

2E-05 B 1 9E-06 B 8E-06 B 

e Water, Groundwater, Rabbits, and Fish 

NA 1 ,5E-08 B • NA 

Adult 

7E-06 B 

8E-07 B 

3E-07 B 

8E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 8E-06 B 

1 NA 

Residential 

Child 

IE-04 B 

6E-06 B 

4E-06 B 

IE-04 B 

NA 

NA 

iE-06 0 

IE-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

• NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 IE-04 B 

1 IE-06 B 

Adull 

IE-04 B 

6E-06 B 

4E-06 B 
IE-04 B 

NA 

NA 

lE-Ob B 

IE-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 IE-04 B 

1 IE-06 B 

Noncancer HI 

Industriai 

Worker 

2E-01 

3E-01 

7E-01 

IE+00 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

B 

Construction 

Worker 

2E+00 E 

3E-01 B 

8E-01 B 

3E+00 E 

3E-01 B 

IE-OI B 

7E-0I 

IE+00 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Chiid 

lE-01 B 

6E-02 B 

lE-01 B 

3E-0I B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

8E-02 B 

5E-02 B 

6E-02 B 

2E-0I B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Residential 

Chiid 

5E+00 

6E-01 

3E+O0 

9E+00 

9E-01 

2E-01 

3 t+W 

4E+00 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

E 

B 

E 

E 

B 

B 

E 

E 

Adutt 

5E-01 B 

4E-01 B 

9E-01 B 

2E+00 E 

9E-02 B 

lE-01 B 

8E-0I B 

IE+00 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

IE+00 B 3E+00 E 3E-01 B 2E-01 B 1 9E+00 E 1 2E+W E 1 

NA 1 IE+00 B NA NA 1 4E+00 E 1 IE+00 B 1 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

OE+OO - pathway evaluated bul no risks could be calculated due to lack of EPA-approved toxicity values 

B-HI< I orELCR< 10"* 
E - HI > 1 or ELCR > IO"* 

a 

55-

£? 



Tl 
B-
B3 

n 
O 

Table 6-49. Summary of Receptor Risks and Hazards for COCs at Study Area 18 
Reasonable Maximum Exposure 

Blending Tower Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe; Future 
Receptor Population: Resident 
Recctitor Age: Child 

Os 
I 

SO 
Os 

1 
Medium 

Surface Soil 

Subsurface Soil 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Exposure 

Point 

Blending Tower Area 

Blending T o w a Area 

Blending Tower Area 

Blending Tower Area 

Chemical 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadium 

(Total) 

Anenic 

Chromium, uivalent (assumed) 

Chromium, hexavalem (as-sumed) 

Iron 

Manganese 

Vanadium 

(Total) 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Manganese 

(Total) 

ChromJun\. trivalent (assumed) 

Chromium, hexavalent (assumed) 

Manganese 

(Total) 

Carcitiogenic Risk 

Ingeslion 

; 

Inhalation 

--

Demiai 

;; 

--

Exposure 

Routes Total 

--

.-

--

--

;; 
• - • 

Chemical 

Arsenic 

Chromium, trivalent (assumed) 

Chromium. hcxa«leni (assumed) 

Iron 

Vanadium 

[Total) 

Arsenic 

Chromium, trivalent (assumed) 

Chromium, hexavalem (assumed) 

iron 

Manganese 

Vanadium 

(Total) 

Chromium, trivalem (assumed) 

Chromium, hexavalem (assumod) 

Manganese 

(Total) 

Chromium, trivalent (assumed) 

Chromium, hexavalem (assumed) 

Manganese 

[Total) 

Non-Carcinogenic Hazard Quotient 

Primaiy 

Target Organ 

skin 

CNS . . 

CNS 

CNS 

CNS 

Ingestion 

1.73 

2.10 

0.954 

4.79 

--

.. 

0.8S2 

0.852 

;; 

Inhalation 

• " 

3.25 

3.25 

2.90 

• 2.90 

Dermal 

0.0423 

0.141 

. 0.240 

0.423 

• - • 

0 2 1 4 

0 2 1 4 

-- " 

Exposure 

Routes Total 

1.78 

2.24 

1.19 . ' 

5.21 

3.25 

3.25 

1.07 

1.07 

2.90 

2.90 

^ 

a 

i 

> 

1 
O 
O 
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Table 6-50. Summary of Receptor Risks and Hazards for COCs at Study Area 18 
Reasonable Maximum Exposure 

Blending Tower Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe: Fulure 
Receptor Population Residem 
Receptor Age: Adull 

O s 
I 

S O 

Medium 

Surface Soil 

Subsurface Soi 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Exposure 

Poinl 

Blending Tower Area 

Blending Tower Area -

Blending Tower Area 

Blending Tower Area 

Chemical 

Aisenic 

Chromium, trivalent (assumed) 

Iron 

Manganese 

Vanadium 

(Toul) 

Aisenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Irxin 

Manganese 

Vanadium 

(Total) 

Chromium, irivalenl (assumed) 

Chromium, hexavalent (assumed) 

Manganese 

(Toal) 

Chromium, trivalent (assumed) 

Chromium, hexavalem (assumed) 

Manganese 

(Total) 

Carcinogenic Risk 

Ingestion Inhalation 

--

Deimal Exposure 

Routes Total 

1 Chemical 

Arsenic 

Chromium, trivalent (assumed) 

Ciiiuiiuuiii, iKAAvtiiCiii V»3UI~<"M) 

Iron 

Manganese 

Vanadium 

(Total) 

Arsenic 

Chromium, mvalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadium 

(Total) 

Chromium, trivalem (assumed) 

Chromiunt. hexavalem (assumed) 

Manganese 

(Toul) 

Chromium, u-ivalem (assumed) 

Chromium, hexavalent (assumed) 

Manganese 

(Total) 

Non-Carcinogenic Hazaid Quotient 

Primary 

Target Organ 

CNS 

CNS 

--

Ingestion 

0.102 

0.102 

[nhalation 

--

0.92H 

0.928 

Dennal 

0.148 

0.148 

Exposuie 

Routes Total 

0.250 

11.250 

11.1)28 

0.928 

.3 
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Human HeaUh Risk Assessment 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
mtegrated child or aduh receptor is 8 x 10"̂ , which is below the target cancer risk of 1 x 10"̂ . The 
combined RME His of 0.3 for the child and 0.2 for the adult fall below the target HI of 1. Therefore, 
no COCs were identified for recreational receptors at Study Area 18. 

Residential Scenario 

The combined RME cancer risks for the integrated child or adult resident are 1 x 10^ for 
exposure to surface soil and 1 x lO"̂  for exposure to subsurface soil. Both are at or below the target 
cancer risk of 1 x 10"̂ . For noncancer effects, the combined RME His are 9 and 4 (surface and 
subsurface soil exposures, respectively for the child) and 2 and 1 (surface and subsurface soil 
exposures, respectively for the adult). Noncancer effects were segregated according to target organ. 
For the resident child and adult, the medium TOHIs for the central nervous system exceed the target 
HI in surface and subsurface soils. In addition, the medium TOHI for the skin exceeds the target HI 
in surface soil for the resident child. The following COCs were identified for residents at 
Study Area 18 based on noncancer effects: 

• arsenic: surface soil ingestion HQ = 2 (child) 

• iron: surfeice soil ingestion HQ = 2 (child) 
surface soil dermal contact HQ = 0.1 (child) 

• manganese: surface soil ingestion HQ = 1 (child), 0.1 (adult) 
surface soil dermal contact HQ = 0.2 (child), 0.1 (adult) 
surface soil inhalation HQ = 3 (child), 1 (adult) 
subsurface soil ingestion HQ = 0.9 (child), 0.09 (adult) 
subsurface soil dermal contact HQ = 0.2 (child), 0.1 (adult) -
subsiuface soil inhalation HQ = 3 (child), 0.8 (adult) 

6.4.4.16 Study Area 19-Lead Facility 

The pathways evaluated at Study Area 19 are soil ingestion, dermal contact, and mhalation 
of suspended soil particulates for all receptors. The RME risk characterization summary for 
Study Area 19 is presented in Table 6-51, and COCs are listed in Table 6-52. 

The maximum detected concentration of lead at Study Area 19 exceeds the 400 ppm 
screening level in surface soil (EPA 1995c). Therefore, models were used to estimate blood lead 
levels in resident children, industrial workers, and construction workers. 

"v... 
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Table 6-51. RME Risk Characterization Summary for Study Area 19 (Current/Future and Future Land Uses) 

Lead Facility, Alabama Army Ammunition Plant, Cbildersburg, Alabama 

Medium Exposure 
Roule 

Surface Soil Ingestion 

(010 <1 ft BLS) Dennal Coniact 

Inhalation 

Subtotal 

Subsurface Soil Ingestion 

(1 to 10 ft BLS) Demiai Contaa 

Inhalation 

Subtotal 

Sediment Ingestion 

Dermal Contaci 

Sublulai 

Surface Waier Ingestion 

Dermal Coniact 

Subtotal 

Groundwater Ingestion 
Dermal Contact 

Inhalation 

Subtotal 

Rabbii Ingeslion 

Subtotal 

Fish Ingestion 

Subtotal 

Surface Soil (0 to < 1 ft BLS), Sediment, Surface V 

Combined Hazard Index: 

Combined Cancer Risk: 

Subsurface Soil ( i to 10 ft BLS), Sediment, Surfac 

Combined Hazard index: 

Combined Cancer Rislt: 

Cancer Risii 

Industrial 

Woriter 

NA 

NA 

8E-07 B 

8E-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA

NA 

Construction 

Worker 

NA 

NA 

8E-08 B 

8E-08 B 

IE-05 B 
3E-07 B 

IE-07 B 

iE-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

NA 

NA 

IE-07 B 

IE-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

r'ater. Groundwater, Rabbits, and Fish 

8E-07 B 8E-08 B IE-07 B 

e Water, Groundwaier, Rabbits, and Flsb 

NA IE-05 B NA 

Adult 

NA 

NA 

IE-07 B 

IE-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 IE-07 B 

1 NA 

Itesidentiai 

ChUd 

NA 

NA 

2E-06 

2E-06 

IE-04 

7E-06 

4E-06 

iE-04 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 2E-06 

1 IE-04 

B 

B 

B 

B 

B 

B 

B 

B 

Adult 

NA 

NA 

2E-06 B 

2 E-06 B 

IE-04 B 

7E-06 B 

4E-06 B 

iE-04 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 2E-06 B 

1 IE-04 B 

Noncancer H I | 

industriai 

Worker 

2E-03 

IE-02 

2E-03 

IE-02 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

B 

Construction 

Worker 

3E-03 

3E-03 

2E-03 

8E-03 

8E-01 

2E-02 

NA 

8E-0I 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

B 

B 

B 

B 

Recreational 

Child 

IE-03 B 

2E-03 B 

4E-04 B 

4E-03 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

7E-04 B 

2E-03 B 
2E-04 B 

3E-03 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Residential | 

Child 

5E-02 B 

2E-02 B 

IE-02 B 

8E-02 B 

2E+00 E 

5E-02 B 

NA 

2E+00 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

• NA 

Aduit 

5E-03 B 

2E-02 B 

3E-03 B 

2E-02 B 

2E-0I B 

3E-02 B 

NA 

]E-Oi B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

• NA 

IE-02 B 1 8E-03 B 1 4E-03 B 1 3E-03 B 1 8E-02 B 1 2E-02 B 1 

NA 1 8E-01 B 1 NA 1 NA 1 2E+00 E J 3E-0I B 1 

3 
a 
a 

f t 

NA - paihway not evaluated or all detected chemicals eliminated as COPCs 

OE-tOO - pathway evaluated bul no risks could be calculaled due to lack of EPA-approved toxicity values 

B - H 1 < I or ELCR < 10" 

E- HI > 1 or ELCR > lO" 



Table 6-52. Summary of Receptor Risks and Hazards for COCs at Study Area 19 

Reasonable Maximum Exposure 

Lead FaciUty, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe; Fumre 
Receptor Population: Resident 
Receptor Age: Child 

Medium 

Surface Soil 

Subsurface Soil 

Exposure • 

Medium 

Soil 

Air 

Soil 

Air 

Exposure 

Point 

U a d Facility 

Lcad Facility 

Lead Facility 

Lead Facilily 

Chemical -

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

(Total) 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

(Total) 

Arsenic 

(Total) 

Arsenic 

(Total) 

Carcinogenic Risk 

Ingestion Inhalation 

--

Dermal Exposure 

Routes Total 

Chemical 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

(Total) 

Chromium, trivalent (B.ssumcd) 

Chromium, hexavalent (assumed) 

CTotal) 

Arsenic 

(Total) 

Arsenic 

CTotal) 

Non-Carcinogenic Hazard Quotient 

Primaiy 

Targel Organ 

-• 

skio 

.. 

Ingestion 

2 

2 

• 

-

-
14 

14 

-

hihalation 

•-

.. 
--

--
--

Dermal 

--

--
- • 

O032S 

O0525 

--

Exposure 

Routes Total 

2.20 

2.20 

--
• -

I 
a 

IS 
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Human Health Risk Assessment 

W 
Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 8 x \{y\ which falls below the target cancer risk of 1 x lo^. The combined RME HI 
of 0.01 falls below the target HI of 1. The 95* percentile mean blood lead concentration in the fetus 
of the industrial worker is 7 ng/dL, which is below the CDC target of 10 ^g/dL. Therefore, no 
COCs were identified for the industrial worker at Study Area 19. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
assumptions are 8 x 10'̂  for surface soil exposure and 1 x lO'̂  for subsurface soil exposure, Both 
fall below the target cancer risk of 1 x 10^. The combined RME His of 0.008 for surface soil 
exposure and 0.8 for subsurface soil exposure fall below the target HI of 1. The 95* percentile mean 
blood lead concentration in the fetus of the construction worker exposed to surface soil is 7 jig/dL, 
which is bdow the CDC larget of 10 ng/dL. Therefore, no COCs were identified for the 
construction worker at Study Area 19. 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adult receptor is 1 x 10'̂ , which is below the target cancer risk of 1 x 10^. The 
combined RME His of 0.004 for the child and 0.003 for the adult fall below the target HI of 1. 
Therefore, no COCs were identified for recreational receptors at Study Area 19. 

Residential Scenario 

The combmed RME cancer risks for the integrated child or adult resident are 2 x 10"̂  for 
exposure to surface soil and I x lO"̂  for exposure to subsurface soil. Both are at or below the target 
cancer risk of 1 x lo^. For noncancer effects, the combined RME His are 0.08 and 2 (surface and 
subsurface soil exposures, respectively for the child) and 0.02 and 0.3 (surface and subsurface soil 
exposures, r&spectively for thie adult). Noncancer effects were segregated according to target organ. 
For the resident child, the milium TOHI for the skin exceeds the target HI m subsurface soil. The 
95* percentile mean blood lead concentration for the resident child is 6 ng/dL, which is below the 
CDC target of 10 jig/dL. The following COC was identified for the resident child at Study Area 19 
beised on noncancer effects: 

• arsenic: subsurface soil ingestion HQ = 2 (child) 
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Human HeaUh Risk Assessment 

6.4.4.17 Study Area 20 - Rifle Powder Finishing Area 

The pathways evaluated at Study Area 20 are soil ingestion, dermal contact, and inhalation 
of suspended soil particulates for all receptors. The RME risk characterization summary for 
Study Area 20 is presented m Table 6-53, and COCs are listed in Table 6-54. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combmed cancer risk under RME 
assumptions is 8 x lO"̂ , which falls below the target cancer risk of 1 x 10"*. The combined RME HI 
of 0.08 falls below the target HI of 1. Therefore, no COCs were identified for the mdustrial worker 
at Study Area 20. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risk under RME assumptions 
is 4 X 10 , which is below the target cancer risk of 1 x lO"*. Cancer risks for subsurface soil were 
not quantified because none of the subsurface soil COPCs has a toxicity value for cancer effects. 
The combined RME His of 0.5 for surface soil expostue and 1 for subsurface soil exposure are at or 
below the target HI of 1. Therefore, no COCs were identified for the construction worker at 
Study Area 20. 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
mtegrated child or adult receptor is 4 x 10"̂ , which is below the target cancer risk of 1 x lo"*. The 
combined RME His of 0.04 for the child and 0.02 for the adult fall below the target HI of 1. 
Therefore, no COCs were identified for recreational receptors at Study Area 20. 

Residential Scenario 

The combined RME cancer risk for the integrated child or adult resident is 5 x 10'̂  for 
exposure to surface soil, which is below the target cancer risk of 1 x 10^. Cancer risks for 
subsurface soil were not quantified because none ofthe subsiuface soil COPCs has a toxicity value 
for cancer effects. For noncancer effects, the combined RME His are 1 and 4 (siuface and 
subsurface soil exposures, respectively for the child) and 0.2 and 0.6 (surface and subsurface soil 
exposures, respectively for the adult). Noncancer effects were segregated according to target organ. 
Only one COC was identified for the resident child at Study Area 20 based on noncancer effects: 

• u-on: subsurface soil ingestion HQ = 2 (child) 
subsurface soil dermal contact HQ = 0.2 (child) 

^ 
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Table 6-53. RME Risk Characterization Summary for Study Area 20 (Current/Future and Future Land Uses) 
Rifle Powder Finishing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 

Ti n •a 

Ov 

o 

> 
I 
to 
o o 

IVIedium Eiposure 
Route 

Surface Soil Ingeslion 

(0 to < l f l BLS) Dermal Contaci 

Inhalation 

Subtotal 

Subsurface Soil Ingestion 

(1 to 10 ft BLS) Dermal Conlaci 

Inhalation 

Subtotal 

Sediment Ingeslion 

Dennal Contact 

Subtotal 

Surface Water Ingeslion 
Dennal Coniact 

Subtotal 

Groundwaier Ingestion 

Dennal Contact 

Inhalation 

Subtotal 

Rabbit Ingestion 

Subtotal 

Fish Ingeslion 

Subtotal 

Surface Soil (0 to < l ft BLS), Sediment, Surface V 

Combined Hazard Index: 

Combined Cancer Risk: 

Subsurface Soii (1 to 10 ft BLS), Sediment, Surfac 

Combined Hazard Indei : 

Combined Cancer Risk: 

Cancer Risk 

Industrial 
Wnrkpr 

5E-06 B 

2E-06 B 

IE-06 B 

8E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction Recreational 
Worker Child 

4E-06 B 3E-06 B 

IE-07 B 4E-07 B 

IE-07 B 2E-07 B 

4E-06 B 4E-06 B 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

i'ater. Groundwater, Rabbits, and Flsh 

1 8E-06 B 

e Water, Gro 

NA 

1 4E-06 B 1 4E-06 B 

undwater. Rabbits, and Fish 

1 NA 1- NA 

Adult 

3 E-06 B 

4E-07 B 

2E-07 B 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 4E-06 B 

1 NA 

Residential 

Child 

5E-05 B 

3E-06 B 

3E-06 B 

SE-OS B 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 5E-05 B 

1 NA 

Aduil 

5E-05 B 

3E-06 B 

3E-06 B 

5E-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

i SE-OS B 

1 NA 

Noncancer H I 

Industrial 

Worker 

5E-02 B 

3E-02 B 

IE-03 B 

8E.02 B 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

4E-01 

2E-02 

IE-03 

5E-0I 

lE-KIO 

2E-01 

NA 

l E ^ O 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

B 

B 

B 

B 

Recreational 

Chi id 

3E-02 B 

6E-03 B 
2E-04 B 

4E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

• NA 

Aduit 

2E-02 B 

6E-03 B 
IE-04 B 

2E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA . 

Residential 

Child 

lE+OO B 

7E-02 B 

6E-03 B 

IE+00 B 

3E+00 E 

5E-0I B 

NA 

4E+<10 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adull 

lE-01 B 

4E-02 B 

2E-03 B 

2E-0I B 

3E-01 B 

3E-0I B 

NA 

6E-0I B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8E-02 B 1 SE-01 B 1 4E-02 B 1 2E-02 B 1 lE+flO B 2E-01 B 1 

NA 1 IE+00 B 1 NA 1 NA IJEHXI E 1 6E-01 B 1 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

OE+00 - pathway evaluated but no risks could be calculated due to lack of EPA-approved toxicity values 

B - HI < 1 or ELCR < lO" 

E - HI > 1 or ELCR > IO"* 

g= 

« * 
a 
>9 
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Table 6-54. Summary of Receptor Risks and Hazards for COCs at Study Area 20 
Reasonable IVIaximum Exposure 

Rifle Powder Finishing Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timehwne: Future 
Receptor Population: Resident 
Receptor Age: Child 

Os 

O 

Medium 

Surface Soil 

Subsurface Soil 

• Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Exposure 

Point 

Rifle Powder Finishing Area 

Rifle Powder Finishing Area 

Rifle Powder Finishing Area 

Rifle Powder Finishing Atea 

1 . Chemical 

Aluminum 

Aisenic 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

(Tutal) 

Aluminum 

Arsenic 

Chromium, trivalent (issumed) 

Chromium, beuvaleni (assumed) 

(Total) 

Ahuninum 

Iron 

Vanadium 

(Total) 

Aluininum 

Iron 

Vanadium 

(Total) 

Carcinoeenic Risk 

Ingestion Inhalation 

• _ 

Dermal Exposure 

Routes Total 

' CheiTiical 

Aiumimim 

Areenic 

Chivmhim. trivalem (a.'uumed) 

Chromium, hexavalent (assumed) 

(Total) 

Atuminum 

Aisenic 

Chromium, trivilent (assumed) 

Chromhim. hexavalem (assumed) 

(Total)' Iill 
Alumiium 

Iron 

Vinadium 

(Total) 

Non^Caicinoeenic Hazard t^iotiehl 

Primary 

Taiget OrEin 

Ingeslion 

2.34 • 

2.34 

•• 

Inhalatiun 

-_ : 

Deimal 

0157 

0157 

;; 

Exposure 1 

Ruutes Tool 1 

2.50 

2.50 

• - • 

1 

? 

5-

a 

> 

I 
IO 
o o 

s 

t r f ( 



Human Health Risk Assessment 

6.4.4.18 Study Area 21 - Red Water Ditch 

The f)athways evaluated at Study Area 21 are ingestion of and dermal contact with sediment 
and surface water, and ingestion of fish for recreational and residential receptors. The RME risk 
characterization summary for Study Area 21 is presented m Table 6-55, and COCs for each 
pathway and receptor are listed in Tables 6-56 through 6-59. 

The maximum detected concentration of lead in sediment in Study Area 21 exceeds the 
400 ppm scn;ening level (EF'A 1995c). Therefore, the EPA biokinetic uptake model was used to 
estimate blood lead levels in resident children. In using this model, the sedunent is treated as if it 
were soil. 

Recreational Scenario 

The combined RME cancer risk for the integrated child or adult receptor is 5 x 10"*, which 
exceeds the target cancer risk of 1x10"^. The combined RME His of 5 for the child and 3 for the 
adult exceed the target HI of 1. Risks associated with fish ingestion are almost entirely responsible 
for exceedance of regulatory targets. Noncancer effects were segregated accordmg to target organ. 
For recreational receptors ingesting fish, the medium TOHIs for the skin and eyes exceed the target 
HI. At Study Area 21, the following COCs in fish tissue were identified based on cancer and 
noncancer effects: 

• a]-senic: fish ingestion cancer risk = 5x10"* 
fish ingestion HQ = 3 (child), 2 (adult) 

• Aroclor-1254: fish ingestion cancer risk = 2 x 10'̂  

Residential Scenario 

The combined RME cancer risk for the integrated child or adult resident is 7 x 10 , which 
exceeds the target cancer risk of 1 x lO^. The combined RME His of 20 for the child and 3 for the 
aduh exceed the target HI of 1. Risks associated with fish ingestion are ahnost entirely responsible 

1 

for exceedance of regulatory targets. Noncancer effects were segregated according to target organ. 
For residents ingesting fish, the medium TOHIs for the skin and eyes exceed the target HI. The 95 
percentile m<;an blood lead concentration in the resident child exposed to sediment is 6 |ig/dL which 
is below the CDC target of 10 ng/dL. At Study Area 21, the followmg COCs in fish tissue were 
identified for residents based on cancer and noncancer effects: 

• arsenic: fishingestioncancerrisk = 7 x 10"̂  
fish mgestion HQ = 10 (child), 2 (adult) 

• j«j-oclor-1254: fishingestioncancerrisk = 3 x 10' 
fish ingestion HQ = 4 (child) 
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Table 6-55. RME Risk Characterization Summary for Study Area 21 (Current/Future and Future Land Uses) 
Red Water Ditch, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium Eiposure 

Route 

SurfaceSoil Ingestion 

( O l o < l f t B L S ) Dermal Contact 
Inhalation 

Subtotal 

Subsurface Soil Ingestion 

( I to 10 ft BLS) Dermal Contact 

Inhalation 

Subtotal 

Sedimem ingestion 

Dermal Coniact 
Subtotal 

Surface Waier Ingestion 

Dermal Contact 
Subtotal 

Groundwater Ingestion 

Dermal Coniact 
Inhalation 

Subtotal 

Rabbit Ingestion 

Subtotal 

Fish Ingeslion 

Subtotal 

Surface Soii (0 lo < l ft BLS), Sediment, Surface Vt 

Combined Hazard Indei : 

Combined Cancer Risk: 

Subsurface Soil (1 to 10 ft BLS), Sediment, Surfac 

Combined Hazard Inde i : 

Combined Cancer Risk: 

Cancer Risk 
Industtial 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

NA 

NA 

NA 

NA • 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 
Child 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-06 B 

5E-07 B 

2E-06 B 

2E-07 B 

9E-08 B 

3E-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

5E-04 E 

SE-04 E 

ater. Groundwater, Rabbits, and Flsh 

NA 1 

B Water, Groun 

NA 1 

NA 1 5E-04 E 

dwater. Rabbits, and Fish 

NA 1 5E-04 E 

Aduit 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-06 B 
5E-07 B 

2E-06 B 

2E-07 B 

9E-0g B 

3E-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

5E-04 E 

5E-04 E 

1 5E-04 E 

1 5E-04 E 

Residential 

Chiid 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7E-06 

8E-07 

gE-06 

5E-07 

2E-07 

7E-07 

NA 

NA 

NA 

NA 

NA 

NA 

7E-04 

7E-04 

1 7E-04 

1 7E.04 

B 

B 

B 

B 

B 

B 

E 

E 

E 

E 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7E-06 

8E-07 

8E-06 

5E-07 

2E-07 

7E-07 

NA 

NA 

NA 

NA 

NA 

NA 

7E-04 

7E-04 

1 7E-04 

1 7E-04 

B 

B 

B 

B 

B 

B 

E 

E 

E 

E 

Noncancer HI 

Industriai 

Worker 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

-NA' 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Rec rea tional 

Chiid Aduit 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

6E-02 B 4E-02 B 

4E-02 B 3E-02 B 

IE-OI B 8E.02 B 

9E-03 B IE-03 B 

IE-02 B IE-02 B 

2E-02 B IE-02 B 

NA NA 

NA , NA 

NA NA 

NA NA 

NA NA 

NA NA 

5E+06 E 3E+iD0 E 

SE+00 E 3E+00 E 

Residential 

ChUd 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7E-01 B 

lE-01 B 

SE-Ol B 

5E-02 B 

3E-02 B 

9E-02 B 

NA 

• NA 

NA 

NA 

• NA 

NA 

IE+01 E 

lE+Ol E 

Adul l 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7E-02 B 

6E-02 B 

lE-Ol B 

2E-b3 B 

2E-02 B 

2 E-02 B 

NA 

NA 

NA 

. NA 

' NA 

NA 

3E+O0 E 

3E+00 E 

NA 1 NA 1 5E+00 E 1 3E+00 E 1 2E+01 E 1 3E+00 E 1 

• 

NA 1 NA 1 5E+O0 E 1 3E+00 E 1 2E+0I E 1 3E+O0 E 1 

a 

NA - paihway not evaluated or all detected chemicals eliminated as COPCs 
OE+00 • pathway evaluated but no risks could be calculaled due to lack of EPA-approved toxicity values 
B - H I < l o r E L C R < 1 0 - ' 
E - HI > 1 or ELCR > 10"* . 
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Scenario Titnefiame: 
Rcccpior Population: 
Receptor Age: Child 

Future 
Recreational U.ser 

Table 6-56. Summary of Receptor Risks and Hazards for COCs at Study Area 21 
Reasonable Maximum Exposure 

Red Water Ditch, Alabama Army Ammunition Plant, Childersburg, Alabama 

1 ^ 

o 

Medium 

SurfKC W i l d 

Fish 

Exposure 

Mcdtuin 

Suriace Wuei 

Sedimcil 

Tissue 

Exposure 

Poinl 

Red WBier Ditch 

Red Water D i th 

Red Water Ditch 

Chemical 

Aluininum 

Arsenic 

Barium 

Iron 

Manganese 

Zinc 

Acetone 

Carbon DisulfHlc 

(Total) 

Ahuninum 

Arsenic 

Barium 

Chronuum. tnvaleiit (assumed) 

Cluomhun. hexavalent (assumed) 

Iron 

Maogaocsc 

Mercuty 

Vanadium 

Z-AnuDO-4.6-DinttrDtohiene 

Benn)(i)pyreic 

BenzD(b)fluoranlbene 

retiyl 

(Totd) 

Ahuninum 

Arsenic 

Barium 

Iron 

MangiDcu 

Selenium 

Aroclor 1254 

Heptachlor 

beta-BHC 

(Toul) 

Carcinogenic Risk 

Ingestion 

0.000520 

I.983E-05 

0.000539 

InhiUrion Dermal Exposure 

Routes Total 

" 

0.0O052O 

I.983E^5 

0.000539 

Chemical 

Ahuninum 

Arsenic 

Barium 

iron 

Zinc 

Acetone 

Caitxm Disulfide 

(Total) 

Aluminum 

Aisenic 

Barium 

Chromium, rrivaleni (assumed) 

Chromium, hexavileol (assumed) 

Iron 

Mangaoese 

Mercury 

Vanadium 

2-AmiDO-4,6-Dini(rotolueoc 

BcnH)(a)pyreoe 

Ben2D(b)fluoianibcnc 

retiyl 

(Total > 

Ahiminum 

Arsenic 

Iroa 

Manganese (food) 

Selenhim 

Aroclor 1254 

Heptachlor 

beu-BHC 

Non-Caicinogcnic Hazanj Quotient 

Primaiy 

Tiigcl Organ 

--

skin -

eyes 

IngestioD 

3 

I 

4 

18 

36 

54 

Inhilition 

L 

Denml 

-

" 

: 

Expasure 1 

Routes Tout 1 

3 

1 

4 

18 

36 

54 

fil 

I 
J f 

a 
3 

> 
c 

to o o 
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Table 6-57. Summary of Receptor Risks and Hazards for COCs at Study Area 21 
Reasonable Maximum Exposure 

Red Water Ditch, Alabama Army Ammunition Plant, Childersburg, Alabama 
Sceosrio Timefiame; Fulure 
Receptor PopuUiioQ: Recreational User 
Receptor Afle: Aduh 

OS 

o oe 

Medium 1 
Surface Water 

[Scdimenl 

Fish 

Exposure 

Medium 

Surface Water 

Sediment 

Tissue 

Exposure 

Point 

Red Waier Dilch 

Red Water Ditch 

Red Water Ditch 

Chemical 

Aisenic 

Barium 

lIlOQ 

Manganese 

tine 
Acetone 

Carbon Disulfide 

(Total) 

Ahuninum 

Arsenic 

Barium 

Chromium, trivalent (assumed) 

Chromhim. hexavalem (assumed) 

Iron 

Manganese 

Mercuiy 

Vanadhim 

2-Ami DO-4.6- Dinitrololuene 

Bcnzo(b)fhioiantbene 

Tetryl 

(Total) 

Atuminum 

Barium 

Iron 

Manganese 

Selenium 

Aroclor 1254 

Heptachlor 

beta-BHC 

(Total) 

Caictnogen ic Risk 

Ingestion 

'* 

--

0.000520 

I.983E-0S 

0.000539 

lahalaiioo 

-

:: 

Dermal 

Routes Total 

• -

0.000520 

I.983E-OS 

0.000539 

Chemical 

Aluininum-

Arscnic 

Barium 

ilroQ 

jManganesc 

Zinc 

Acetone 

Carbon Disulfide 

(Tottl) 

Ahuninum 

Arsenic 

Barium 

Chromhim, trivalent (assumed) 

Iron 

Manganese 

Mercury 

Vanadiuni 

2-AnuDO-4,6* Dinitrotoluene 

Benzo(i)pyreM. 

Benzi)<b)fluoranthene 

Tetryl 

CTotal) 

Ahiminum 

Aisenic 

Barium 

Iron 

Manganese (food) 

Selenium 

Arocloi 1254 

Heptachlor 

beta-BHC 

(Tottl) 

NoB-Carcinogenic Hazard Quotient 

Primary 

Targel OrgaD 

_ 

skin 

Ingestion 

2.04 

2.04 

Inhalaiion 

. 

Dermal Exposure 1 

Routes Total | 

-

2.04 

2.04 1 

r 
a 

55-
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> c (g 
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Table 6-58. Summary of Receptor Risks and Hazards for COCs at Study Area 21 
Reasonable Maximum Exposure 

Red Water Ditch, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Ttmelnune: Future 
Receptor Populalion: Resident 
Reccpioi Age: Child 

<3s 

o 

Medium 

Surface Water 

Sedimcni 

Fish 

Exposuie 

Modium 

Surface Waier 

Sediment 

Tissue 

Exposuie 

Point 

Red Water Ditch 

Rc^lWuferniTch 

Red Water Diich 

Chemical 

Aluminum 

Arsenic 

Barium 

Iron 

Manganese 

Zinc 

Acetone 

Caibon Disulfide 

(Total) 

Ahiminum 

Arsenic 

Barium 

(Chromium, hexavalent (assumed) 

Iroo 

Manganese 

Mercury 

Vanadium 

2-Amino-4,6-DioJtrololucne 

Bcnzo(i)pyrcne 

Bcn2o(b)fluoranthene 

Tenyl 

(Toul) 

Arsenic 

Barium 

Iron 

Manganese 

Selenium 

Aroclor 1254 

Heptachlor 

beu-BHC 

(Tocah 

Careinogenic Risk 

Ingestion 

0.000683 

2.607E-05 

0.000709 

Inhalation Dermal Exposure 

Routes Total 

0.000683 

2.607E-05 

0.000709 

ChcmicBl 

Ahuninum 

Arsenic 

Barium 

Iron 

Manganese 

Zinc 

Acelone 

Caibon Dtsulfide 

(Toal) 

Ahuninum 

Arsenic 

Barium 

Chromium, mvalent (assumod) 

Iron 

Manganese 

Mercury 

Vanadium 

2-Amim>-4.6-DiniUotoluenc 

Ben2u(a)pyreoe 

Benzo(b)fhiorBntfaene 

rcnyl 

fToul) 

Ahuninum 

Arsenic 

Barium 

Iron 

Manganese (food) 

Selenhun 

Aroclor 1254 

Heplachlor 

bett-BHC 

a o t t l ) 

1 
Non-Carcinogen K Hazard Quotient 1 

Primary 

Ta.5eio.B2n 

sic in 

eyes 

Ingestion 

9.S3 

4.09 

14 

Inhnhlioo 

-

Dcnnil 

• 

Exposure { 

Routes ToulJ 

;: 

.. 
9.53 

409 

•• 
,4 1 

3 
a 

> 
c 
"S 
O 

o 
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Table 6-59. Summary of Receptor Risks and Hazards for COCs at Study Area 21 
Reasonable IVIaximum Exposure 

Red Water Ditch, Alabama Army Ammunition Piant, Childersburg, Alabama 
Scenario Timclnine: Futurt 
Reccptur Popubtion: Resident 
Rece^of Age: Adult 

Os 
I 

o 

1 Modium 

Surface Watei 

ISediment 

Fish 

Exposuie 

Medium 

Surface Water 

Sedimem 

Tissue 

Exposuie 

Point 

Red Water DiKh 

Red Water Ditch 

Red Watts Ditch 

Chemical 

AhmuDum 

Araenic 

Barium 

Iron 

Manganese 

Zinc 

Acetone 

Caibon Dtsulfidc 

(Totol) 

Ahiminum 

Arsenic 

Barium 

Chromhun, trivalem (assumod) 

Chromium, heuvalent (as-sumed) 

Iron 

Manganese 

Mercuiy 

Vanadium 

2-AmiiMM,6-DinitrorDhienc 

Bcnzo(a)pyreqe 

Benz£i(b)fhionntbene 

Tenyl 

(Toul) 
Ahuninum 

Aisenic 

Barium 

Iron 

Manganese 

Selenium 

Aroclor 1254 

Heptachlor 

beu-BHC 

(Toul) 

CaicinogeDic Risk 

Ingestion 

-• 

" 

0.000683 

2.607E-05 

0.000709 

Inhalation Dennal Exposure 

Routes Tool 

.. 
0.000683 

2.607E.05 

0.000709 

Chemical 

Aluminum 

Arsenic 

Barium 

Iron 

Manganese 

Zinc 

Acetone 

Caibon D'tsulfide 

(Toul) 
Ahuninum 

Anenic 

Barium 

Chnmthua trivalem (assumod) 

Chromium, hexavalent (asumed) 

Iron 

Manganese 

Mercuiy 

Vanadium 

2-AmJno-4,6-Dinitrotohieoe 

Ben2a(a)pyrene 

Beozo(b)fluoraaibcne 

Tetiyl 

(Toul) 
Ahunintiin 

Aisenic 

Barium 

Iron 

Manganese (food) 

Scteoium 

AiDclor 1254 

Hqilaclilor 

beta-BHC 

fToal) 

Non-Carcinogenic HaTard Quolient 

Pnmary 

Targel Organ 

skin 

Ingestion 

2.04 

2.04 

Inhalation 

:_ 

Dermal 

: 

Exposure 1 

Ruutes Tottl 1 

2.04^ 

2.04 

3 
a 

Pa 
5-

a 
3 
a 

> 

O 
O 
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Human HeaUh Risk Assessment 

Sediments from the Red Water Ditch have been removed and backfilled with clean material. 
Confirmatory samples were collected from a depth of greater than 1 foot below the surface of the 
sediment in the Red Water Ditch. Cancer risk and hazard estimates have been generated using the 
data for these sediment samples, and the results are presented in Table 6-60. The greatest RME HI 
is 0.9 for the resident child, and the greatest summed cancer risk is 1 x 10'̂  for the resident. The 
risk estimattis for each scensirio are below the prescribed limits for cancer risk and noncarcinogenic 
hazards. 

6.4.4.19 Study Area 22 - Demoliion Landfill 

The pathways evaluated at Study Area 22 are soil ingestion, dennal contact, and inhalation 
of suspended soil particulates for all receptors. The RME risk characterization summary for Study 
Area 22 is presented in Table 6-61, and COCs for each pathway and receptor are listed in 
Tables 6-62 through 6-64. 

The maximum detected concentration of lead in soil at Study Area 22 exceeds the 400 ppm 
screening level in surface jmd subsurface soUs (EPA 1995c). Therefore, models were used to 
estimate blood lead levels in resident children, industrial workers, and construction workers. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
asstmiptions is 9 x 10"̂ , whi<;h falls below the target cancer risk of 1 x 10"̂ . The combmed RME HI 
of 0.2 falls below the target HI of 1. The 95* percentile mean blood lead concentration in the fetus 
of the industrial worker is 12 |ig/dL for surface soil exposure, which is above the CDC target of 
10 |ig/dL. Therefore, the following COC was identified for the industrial worker at Study Area 22: 

• lead: surface soil, 95* percentile mean blood lead level = 12 ̂ ig/dL 

Construction Scenario 

For construction v '̂orkers exposed to soil, the combined cancer risks under RME 
assumptions are 8 x 10"̂  for surface soil exposure and 8 x 10'̂  for subsiuface soil exposure. The 
combined FME His are 0.4 for surface soil exposure and 5 for subsurface soil exposure. The 
combined subsurface soil cancer risk and hazard index exceed regulatory criteria. Noncancer 
effects were segregated accordmg to target organ. However, the medium TOHIs for subsurface soil 
do not exceed the target HI of 1. Therefore, no COCs were identified based on noncancer effects. 
The 95* percentile mean blood lead concentration m the fetus of the construction worker is 
18 Ug/dL for surface soil exposure and 27 ng/dL for subsurface soil exposure. Both are above the 
CDC target of 10 fig/dL. The following COCs were identified for the construction worker at 
Study Area 22: 

' jtfsenic: subsurface soil ingestion cancer risk = 8 x 1()"* 

Final RI Report 6-111 August 2001 
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Table 6-60. RME Risk Characterization Summary for Study Area 21 - Subsurface Sediment (Current/Future and Future Land Uses) 
Red Water Ditch, Alabama Army Ammunition Plant, Childersburg, Alabama 

Ti n 
O 

Os 
I 

SJ 

> 
c (g 
sa 
O 
o 

Medium ' Eiposure 

Route 

Surface Soil Ingeslion 

(0 to < l ft BLS) Dennal Coniact 

. Inhalation 

Subtotal 

Subsurface Soil Ingestion 
( I t o l O f l B L S ) Dermal Contact 

Inhalation 

Subtotal 

Sediment Ingestion 

Demiai Contact 

Subtotal 

Surface Water Ingestion 

Dermal Contact 

Subtotal 

Groundwater Ingestion 

Dermal Contact 

Inhalation 

Sublotal 

Rabbii Ingeslion 

Subtotal 

Fish Ingestion 

Subtotal 

Cancer Risk 

Industrial Construction Recreational 

Worker Worker Child Adult 

NA NA NA NA 

NA NA NA - NA 

NA NA NA NA 

NA NA NA NA . 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA 2E-08 B 2E-08 B 

NA NA 2E-08 B 2E-08 B 

NA NA 5E.08 B SE-OS B 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA • NA NA NA 

NA NA NA NA 

NA NA NA NA 

Surface Soil (0 to < l ft BLS), Sediment, Surface Water, Groundwater, Rabbits, and Fish 

Combined Hazard Index: 

Combined Cancer Risk: 

Subsurface Soil (1 to 10 f) BLS), Sediment, Surfac 

Combined Hazard Indc i : 

' Combined Cancer Risk: j 

NA 1 NA 1 5E-C8 B |-5E-08 B 

t Water, Groundwater, Rabbits, and Fisb 

NA 1 NA 1 SE-08 B | SE-08 B 

Residential 

ChUd 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

9E-08 

4E-08 

IE-07 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 IE-07 

1 IE-07 

B 

B 

B 

B 

B 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

9E-08 B 

4E-08 B 

IE-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 IE-07 B 

1 IE-07 B 

Noncancer H I | 

Industrial 

Worker 

NA 

NA 

NA • 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA . 

NA. 

NA 

NA 

Construction 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

. Recreational 

Chi ld Adult 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

7E-03 B 5E-03 B 

SE-03 B SE-03 B 

IE-02 B IE-02 B 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA • NA 

Residenrial | 

ChUd 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8E-02 B 

IE-02 B 

9E-02 B 

NA 

NA 

NA 

NA 

NA

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8E-03 B 

9E-03 B 

2E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

" 

NA NA IE-02 B 1 IE-02 B 1 9E-02 , B 1 2E-02 B 1 

NA NA IE-02 B 1 IE-02 B 1 9E-02 B 1 2E-02 B 1 

NA - pathway iiot evaluated or all detected chemicals eliminated as COPCs 

OE-HJO - paihway evaluated but no risks could be calculated due to lack of EPA-approved toxicity values 

B - H l < l o r E L C R < 1 0 ' * 

E - H l > l o r E L C R > 1 0 ' ' 

^ 

a 

i 
s 

{ ' 



Table 6-61. RME Risk Characterization Summary for Study Area 22 (Current/Future and Future Land Uses) 
Demolition Landfill, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium Eiposure 

Rsiitc 

Surface Soil Ingestion 

(0 to < 1 ft BLS) Dermal Contact 

Inhalation 

Subtotal 

Subsurface Soil Ingestion 

(1 10 10 ft BLS) Dermal Coniact 

Inhalation 

Subtotal 

Sediment Ingestion 
Dermal Contaci 

Subtotal 

Surface Water Ingestion 

IDermal Contaci 

Subtotal 

Groundwater Ingestion 

Dermal Contact 

Inhalation 

Subtotal 

Rabbit higestion 

Subtotal 

Fish Ingestion 

Subtotal 

Surface SoU (0 to < l f l BLS), Sediment, Surface V 

Combined Hazard Index: 

Combined Cancer Risk: 

Subsurface Soil (1 to ID f l BLS), Sediment, Surfac 

Combined Hazard Indei : 

Combined Cancer Risk: 

Cancer Risk 

Industriai 

Worker 

' NA 

NA 

9E-07 B 

9E-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

^ater, Grount 

9E-07 B 

Construction 

Worker 

NA 

NA 

8E-08 B 

8E-08 B 

. 5E-03 E 

2E-03 E 

3E-06 B 

8E-03 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Iwaler, Rabbits, a 

1 8E-08 B 

Recreational 

Child 

NA 

NA 

IE-07 B 

IE-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

nd Fish 

IE-07 B 

e Water, Groundwaier, Rabbits, and Fish 

NA 1 8E-03 E NA 

Adult 

NA 

NA 

IE-07 B 

IE-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1E07 B 

NA 

Residential 

Child 

NA 

NA 

2E-06 

2E-06 

6E-02 

5E-02 

9E-0S 

IE-OI 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 2E-06 

1 lE-01 

B 

B 

E 

E 

B 

E 

B 

E 

Adult 

NA 

NA 

2E-06 B 

2E-06 B 

6E-02 E 

SE-02 E 

9E-05 B 

IE-OI E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 2E-06 B 

1 lE-01 E 

Noncancer HI 

Industrial 

'.Vork 

4E-02 

IE-OI 

5E-02 

2E-0I 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

cr 

B 

B 

B 

B 

Construction 

Worker 

3E-01 B 

9E-02 B 

9E-03 B 

4E-0I B 

4E+00 E 

8E-01 B 

6E-01 

5E+00 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

2E-02 B 

2E-02 B 

1E.02 B 

5E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adul: 

IE-02 B 

2E-02 B 

5E-03 B 

4E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Kesidenlial 

Child 

9E-01 

2E-01 

2E-01 

IE+00 

3E+01 

9E+00 

3E+00 

5E+0I 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

B 

E 

E 

E 

E 

Adu!: 

lE-01 B 

lE-Ol B 

7E-02 B 

3E-0I B 

4E+00 E 

6E+00 E 

8E-01 B 

IE+01 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-0I B 4E-01 B 1 5E-02 B 1 4E-02 B j lE+OO B 1 3E-01 B 1 

NA 5E-K)0 E 1 NA 1 NA 1 SE-KIl E 1 IE+01 E 1 

3 
a 

i 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

OE+OO - pathway evaluated bul no risks could be calculated due to lack of EPA-approved toxicity values 

B - H 1 < 1 o r E L C R < 10" 

E - H I > l o r E L C R > 1 0 ' ' 
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Table 6-62. Summary of Receptor Risks and Hazards for COCs at Study Area 22 
Reasonable Maximum Ex|}osure 

Demolition Landfill, Alabama Army Ammunition Plant, Childersburg, Alabama 
uio Tinrf tunc: Rdure 

RRaccpur hpt jui ion- Coottnictioa Worker 
[Rcc^lof Afe: 

Os 
I 

> 

to 
o 
o 

McCkon 

Surf n l o i l 

SubwrfKc SoU 

EjiVom«t 

Medium 

Soil 

Air 

Soil 

Av 

ejtpowc 

Dcrml-nion Und r j l 

Domttl inn Lmdnit 

DemolitioD L tmn i l 

Demolilion UnUi l l 

• 

Chnoiu] 

B u u n 

Cadmium . . , 

Chromium, trivalea (unutEd) 

Coppa 

Zinc 

rToty) 

Cadmium 

Cupper 

Zinc 

fTotal) 

A/KHlc ' 

B u b m 

Cadniuffl 

Chronium. t r i n l ed <uMifned) 

Copper 

Nickd 

Zinc 

BniaKb)t tuonnd»r 

Bcnio(i.h.i)P«Tlcne 

BenzoainuomAnB 

Chrytene 

Dibcnzoftnii 

lDite»(l.I.>-od)pjrTaie 

PhenuArenc 

[Total). 

Anenic 

Buium 

Cadmiim 

Chramium. ffivdem (aMmwd) 

C Imnu in . h e u n l e i l (uwned) 

Coppet 

I n n 

H n s u n * 

Memay 

Nickel 

ZilK 

BcnuKiJ^ilpcnlcnr 

BenufttnuonnttEM 

C h m a m 

[>KwaEo(>.hMnthrMxnc 

l«ta)D(l.2.3-cd)p]fTeoe 

P l n w f l n n 

rrotal) 

Cucinot tnk Rtek 

bifCtiion 

7.7B6E-06 

I. l lAE-06 

0.00(90 

«.157E06 

0.000194 

9.796E-aS 

O.OQMI 

:: 

IntMlJtnn 

3.nsE-oa 

2.Ka&06 

Dcrmil 

2.19SE-OT 

3.43«E-0fr 

0.00191 

J673&06 

O.0OOM3 

3.l i8&OS 

o.ocan 

' Eipowre 

R o u u Toal 

S.OISE^ 

1.223E« 

0.000136 

0.00611 

9.330&O6 

0.000408 

0.000134 

0.00732 • 

2. I0 I&O6' 

3.I0SE-O6 

Cttoncal 

Bar'uD 

Cmbimm. 

Chratniiira. hcuvt lca <inumed) 

Copper 

Zinc 

fTotal) 

Beihtm 

Cadndum 

n n m i u m . orn le t t (tuuined) 

Copper 

ZiBC 

(Total) 

A n e w 

B u k m 

Cadmiura 

Chrofnfaim. beunlcnt ( t s a n n l ) 

Copper 

Iron 

M a m u n i 

Hickri 

Zinc 

9 m t n ( t . K t i m ^ 

Bcnto(k)fluonnlAenB 

CbfT»«» 

pib<nD(t.h)utfnceDe 

ln<fcoo(l.I.3<dlpTTOe 
PhenuntKnc 
P y m . 
(Total) 

ArvQlc 

a v i u n 

Cadtnun 

ChDmiiin. D+ttlen (uwnxd) 

Ccpper 

Inm 

hUncune 

Nickd 

Z i « 
BRUtiOttdtnccnc 

BenzD(b)fluorKAene 

Benio(i.h.i)pef7l«» 

CbTTKnr 
ptieii io(i.h)MltncRie 

D t e m n r a 
tndan( 1.2>cd)p]rrcn» 

P b a i r t i i M 

PlTO-

fTottJ) 

Non-Ctacinoccsic Haun l Quotlenl 

Priimry 

T u i e i O r o n 

--

Incctiion 

^^ ̂ ^ 

Intaluion 

^^ 

Dmral 

;-

EJipowrt j 
Routa Total] 

^̂ ^ 

^ 

t r C ( 
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Table 6-63. Summary of Receptor Risks and Hazards for COCs at Study Area 22 
Reasonable Maximum Exposure 

Demolition Landfill, Alabama Army Ammunition Plant, Childersburg, Alabama 

Os 
I 

Ln 

> 

I 
IO 
o o 

Mcdum 

SurfKC Soil 

SubulKcSoU 

Eipoure 
Madium 

Soil 

Air 

SoU 

Ai . 

Eipoatrt 

PDin 

Demnlii»n Landnil 

Chemical 

Vmiwtn 

Cadn^m 

Chnxnum. heuvalcni (atoinvd) 

Ccpp« 

DetnoliiiMi Undmi 

Zine 

Buaan 

Cadn^m 
Chrofnuin, rrivtlcM <iMunrd) 

a « m « « a h r u « l a - ( . « u ™ i , 

Copper 

Zinc 
(Toul) 

" ^ 
C a d m ^ 

ChrodMim. trivatoa (usuned) 

Copper 

Iron 

Huis«ncK 

Mefojfy 

Nickd 

Zinc 
Benzol • luCncene 

BaaUt )p jm» 

Dmulj i ion Landnil 

BenionDflimcAene 

Benui<i.tt.i)pcr7lcne 

BcnmlkinuDnnihene 

Cha«f l r 

DitenUKi.bJuihrBcene 

Dibenl«f«nji 
Inknod.I.J-cdlpyrcne 

PymK 

(Total) 
Anenic 

Barimn 
Cadnaum 

Chfutwm. hciavaknl 4a<n»nad) 

O w f 
Iron 
MuiCann. 

Merainr 

Nickd 

Zinc 

Benu>(a)ii0ncnic 

teaal»mn>t 
BaKD{b)nuDnnOicne 

Bcnio(f.ti.i9er7lcne 

Chr7«« 
[MbnuKaJlaiifavxnD 
Dibcnuttann 

PbertaAhrra 

P j rm-
fToui) 

Carcinotcnic Ritk 

bitcuion 

i .OUB<a 

O0D01Q3 

O.OOI 14 

OOS33 

B.OODe-09 

4.37IE-06 

0 00343 

0 00114 

O061S 

Inhalation 

3.76l&Oa 

4.a74&06 

i.474E-06 

TJ7I&0S 

4.«3E-06 

l.474E-a6 

l.t71E-03 

Demal 

1.4IJE.00 

8.I07E-03 

OOOOWl 

0.0440 

6.306E-Q) 

3.e03&06 

0 00270 

0.000901 

0.0487 

Eipoaire 

Routai Toal 

Chenical 

Bariuin 

Cadnium 

ChnaiuRi, i r i nkn i <aauncd) 

Coppa 

Zinc 

iTuiai) 

Buium 

Cadmaim 

Chromium, trivalent (auunsd) 

Copped 

V.ftUEHJ) 

0 0001S4 

0.00204 

0.099a 

0.000143 

r i T l t O A 

0 0061] 

0.00104 

0.110 

1.76a&06 

4.t74E-06 

I.474E-06 
7.371BO} 

4.42JE-06 

1.474E-06 

•.S72E4a 

Zinc 
[Total) 

i^ncrac 

Etaraim 

Cadnium 

Chramium. hruvalcni (ununed) 

Coppa 

Inm 

Mupnraa 

Moeury 

Nickd 

Zinc 

BBTO(f.li.i)penflene 

o r n ^ 
DB>aiu)(a.h)utflBacene 

DibenmAnn 

Indenof 1 ,].3-cd)p]ncne 

Pbawiftrcoc 

fTottl) 

Araenic 

Banrni 

CMlmium 

Chraoium. trivalem (awmed) 

Coppa 

Iran 

Mantancic 

H o n n r 
Nickd 

Z i « 
BoK0<8)uKhraccne 

Bmzo^ajp jrreoe 

Ctwy^m 

DibOBoriUM 

Indenot 1.2,3-c<l]prrm 
PtKMnOweM 

pyrene 
(Total) 

Non<Urcinotenic Hazard Quotrm 

Primarr 

Tufe tOi fan 

Ik in 

.. 
kidnejr 

-. 
.. 

CNS 

kidney 

--

kktner 

CNS 

.. 

1 u 

0233 

).3i 

0.711 

0.0893 

Jl 
2.13 

0 426 
JO 

IdMlaiton 

2.42 

2.42 

D o m d 

0.0404 

0.236 

0.233 

0.1T9 

0.0899 

6.91 

0.691 

0.131 

8.32 

.. 

E,po«e 

Routt* Tota) 

I.W 

0.472 

3.75 

O U 9 

0.179 

21 
2.12 

0.J64 

39 

2.41 

2 41 

r 
a 

>3 

i 
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Table 6-64. Summary of Receptor Risks and Hazards for COCs at Study Area 22 
Reasonable Maximum Exposure 

Demolition Landfill, Alabama Army Ammunition Plant, Childersburg, Alabama 
TtaKfrune: B i i u n 
ftfuiaiion: Reddcm 

Adull 

Medium 

Surfaca Soil 

Expowre 

Medtum 

Soil 

A i l 

SoU 

Air 

Eipowre 

Poirt 

Demolition Lanlfll l 

Demol itKm LandfJ] 

Denoliiion LandHIl 

DemolUion Landrui 

. Chemicd 

Baium 

Cadmium 

CtBomaun. Bivatan (astumcd) 

Coppa 

Zinc 

(Total) 

Darum 

Cadnium 

ChroflBum. tii*alciri (aiauned) 

Chromium, beuvatani (ammad) 

Copper 

Zinc 

(Total) 

ATMnic 

Baibmi 

Cadmium 

Chromum. trivalent (asnnnd) 

Chromium, heuvakm (ataimed) . 

Coppa 

Inm 

Mu t fUMc 

Mcrcurr 

Nickd 

Z i K 

Bcou(t)anihrac<ne 

BenuKi.li.llpa7»e« 

ChTTKn 

DibnBO(i.h)anthracene 

DtenufUcan 

Indenof l.2.>-ol)prrene 

(Total) 

Anenic -

Bariun 

Cadnium 

Chromium. trivaJeol risMmed) 

Copper 

Iran 

M»i«aneM 

M o c w r 

Nickd 

ZtlK 

Bciso(a)anthiaccne 

Bcntofb) Ruoranhena 

Baiio(t.h.l]pa7laie 

Bentofk )fluoranihcne 

ChiTW* 

Dteaio(a.h)anttracene' 

Indenofi .2.3-cd)p]nene 

P j r ro . 
(Total) 

l ixesinn 

9.0I3&O} 

0000103 

0.00114 

0.0333 

I.000E-O3 

4.3TlE-Oa 

0.00343 

0 00114 

OGAIJ 

Carcinofcnic Riik 

Inttalation 

2.76i&08 

4 . r 4 E « 

I.474&06 

7.37i&<B 

4 423&06 

i.4T4E-06 

i.r2&<» 

Demal 

3.413E-06 

I.IOT&OS 

0.000901 

0.0440 

«.306E.0» 

3.6a3E-06 

000170 

0.000901 

0.04S7 

Eipown 

Route* TotaJ 

9.623E-Q} 

0.0001S4 

O.OQKM 

0.0996 

O.OOO 143 

I.173E-06 

000613 

0.00204 

O1I0 

2.76a&06 

4.fT4&06 

I.474E-06 

7.371E-OJ 

4.423E'06 

I.4T4E.06 

9.tnsa 

d a n i c d 

Barium 

Cadnitm 

CtBomium. trivdnii (aiaimed) 

Coppa 

Zinc 

( T - d ) 
Banum 

Cadmiun 

Chramiinti. irivalenl (asamvd) 

COPP" 

ZbK 

(Total) 

Anenic 

Buium 

Cadnium 

Chromiunx. trivakm faiantcd) 

Chromium, heutatam {atwmwl) 

Ccww 

Iran 

M u i i n n t 

Macury 

Nickd 

Zinc 

Bcnzo(i)Mtncaa 

Beno(alprTa« 

Bcctofs.h.i9enrtcne 

Cliry*cn* 
Dibcnza(a,h)HahrKaK 

ImknofKU-cdlpjrTcne 

Phenanthrene 

fTotal) 

A r m i c 

Barium 

Cadntain 

Cteonum. trivilent {aawmcd) 

Coppa 

Iron 

Macury 

Nickd 

Zinc 

BmoXatiiitanceni 

fcntufajprtnt 

Bciiu(s.h.i)p«7laa 

Chrracor 
DibcnuiU.b)MdvBcna 

Ettwmoltrai 

Indenot l.2.3-cd)pyTen« 

Pyrna 

fTool) 

No(vCafcinofenic Haiard fjuoliert 

r r imuy 
T u r t O r p n 

_ 

- • -

Inceition 

2 

2 

U 

2S 

' • • 

Trial i l W i 

^^ ̂ ^ 

Detnal 

4 

4 

^ ^ H 

27 

27 

^^ 

Eiponra 1 

Route* Toul l 

« 

6 

33 

53 

^ 

r r ( 



Human Health Risk Assessment 

• lead: 

• benzo(a)anthracene: 

• benzo(a)pyrene: 

• benzo(b)fluoran11iene: 

• benzo(k)fluoran1hene: 

• (iibenzo(a,h)antfciracene: 

• indeno(l,2,3-cd)pyrene: 

surface soil, 95"' percentile mean blood lead level = 18 |ig/dL 
subsurface soil, 95* percentile mean blood lead level = 27 
iig/dh 

subsurface soil ingestion cancer risk = 9 x 10"̂  
subsurface soil dermal contact cancer risk = 3x10"* 

subsurface soil ingestion cancer risk =1x10"^ 
subsurface soil dermal contact cancer risk = 4 x 10"̂  

subsurface soil ingestion cancer risk = 5 x 10"̂  
subsurface soil dermal contact cancer risk = 2 x lO'̂  
subsurface soil inhalation cancer risk = 3 x 10"̂  

subsurface soil ingestion cancer risk = 7 x 10"* 
subsurface soil dermal contact cancer risk = 3 x 10"* 

subsurface soil ingestion cancer risk = 3 x 10" .̂ 
subsurface soil dermal contact cancer risk =1 x 10^ 

subsurface soil ingestion cancer risk =1x10"^ 
subsurface soil dermal contact cancer risk = 4x10"^ 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adult receptor is 1 x 10"̂ , which is below the target cancer risk of 1 x 10"̂ . The 
combined FIME His of 0.05 for the child and 0.04 for the adult fall below the target HI of 1. 
Therefore, no COCs were identified for recreational receptors at Study Area 22. 

Residentital Scenario 

The combined RMIi cancer risks for the integrated child or adult resident are 2 x 10"* for 
exposure to surface soil and 1 x 10"' for exposure to subsurface soU. For noncancer effects, the 
combined BME His are 1 and 50 (surface and subsurface soil exposures, respectively for the child), 
and 0.3 and 10 (surface and subsurface soil exposures, respectively for the adult). The combined 
subsurface soil cancer risk and hazard index exceed regulatory criteria. Noncancer effects were 
segregated according to target organ. In subsurface soils, the medium TOHI for the central nervous 
system exceeds the target HI for the child and the adult, and the medium TOHI for the skin exceeds 
the target HI only for the cliild. The 95* percentile mean blood lead concentration in the resident 
child is 35 |ig/dL for exposure to surface soil and 49 jig/dL for exposure to subsurface soil, both of 
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which are above the CDC target of 10 \ig/dL. The following COCs were identified for residents at 
Study Area 22: . . 

• arsenic: subsurface soil ingestion cancer risk = 9 x 10"̂  
subsurface soil ingestion HQ = 2 (child) 
subsurface soil dennal contact cancer risk = 5x10"^ 
subsurface soil inhalation cancer risk = 3x10"* 

• chromium, hexavalent: subsurface soil inhalation cancer risk = 5x10"^ 

iron: 

lead: 

manganese: 

benzo(a)anthracene: 

benzo(a)pyrene: 

ben2o(b)fluoranthene: 

• benzo(g,h,i)perylene: 

• benzo(k)fluoranthene: 

• chrysene: 

subsurface soil ingestion HQ = 4 (child) 
subsurface soil dermal contact HQ = 0.2 (child) 

surface soil, 95* percentile mean blood lead level = 35 \ig/dL 
subsurface soil, 95* percentile mean blood lead level = 49 
Mg/dL 

subsurface soil ingestion HQ = 0.7 (child) 
subsurface soil dermal contact HQ = 0.2 (child) 
subsurface soil inhalation HQ = 2 (child) 

subsurface soil ingestion cancer risk =1 x 10"̂  
subsurface soil dermal contact cancer risk = 8 x 10"̂  

subsurface soil ingestion cancer risk = 1 x lO"̂  
subsurface soil dermal contact cancer risk = 9 x 10;̂  
subsurface soil inhalation cancer risk =1 x 10"* 

subsurface soil ingestion cancer risk = 6 x 10'̂  
subsuiface soil ingestion HQ = 21 (child), 2 (adult) 
subsurface soil dennal contact cancer risk = 4 x 10"̂  
subsurface soil dermal contact HQ = 7 (child), 4 (adult) 
subsurface soil inhalation cancer risk = 7 x 10"̂  

subsurface soil ingestion HQ = 2 (child) 
subsurface soil dermal contact HQ = 0.7 (child) 

subsurface soil ingestion cancer risk = 8 x 10'̂  
subsurface soil dermal contact cancer risk = 6x10"^ 

subsurface soil ingestion cancer risk = 5 x 10"* 
subsurface soil dermal contact cancer risk = 4 x 10"* 
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• dibenzo(a,h)anthiracene: subsurface soil ingestion cancer risk = 3x10 ' 
subsurface soil dennal contact cancer risk = 3 x lO"̂  
subsurface soil inhalation cancer risk = 4 x 10"̂  

1 

• indeno(l,2,3-cd)pyrene: subsurfacesoilingestion cancer risk= 1 x 10' 
subsurface soil dermal contact cancer risk = 9 x 10"̂  
subsurface soil inhalation cancer risk =1x10"* 

6.4.4.20 Study Area 25 - Storage Battery/Demolition Debris 

The pathways evaluated at Study Area 25 are soil ingestion, dennal contact, and inhalation 
of suspendtid soil particulsites for all receptors. The RME risk characterization summary for 
Study Area 25 is presented in Table 6-65, and COCs for each pathway and receptor are listed in 
Table 6-66. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 8 x 10'*, which falls below the target cancer risk of 1 x 10^. The combined RME HI 
of 0.3 falls below the target HI of 1. Therefore, no COCs were identified for the industrial worker at 
Study Area 25. 

Construction Scenario 

For construction v '̂orkers exposed to soil, the combined cancer risks under RME 
assumptions are 4 x 10"* for surface soil exposure. Cancer risks were not quantified for subsurface 
soil exposure because none of the COPCs has a toxicity value for cancer effects. The combined 
RME His aie 1 for surface soil exposiu'e and 0.5 for subsurface soil exposure. The former equals 
but does not exceed the target HI of 1. No COCs were identified for the construction worker at 
Study Area 25. 

Recreational Scenario 

For recreational rec(;ptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adult receptor is 4 x 10"*, which is below the target cancer risk of 1 x 10 . The 
combined FLME His of O.I for the child and 0.08 for the adult fall below the target HI of 1. 
Therefore, no COCs were identified for recreational receptors at Study Area 25. 

Residential Scenario 

The combined RME cancer risk for the integrated child or adult resident is 5 x 10"̂  for 
exposure to surface soil, wliich is below the target cancer risk of 1 x 10"̂ . Cancer risks were not 
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Table 6-65. RME Risk Characterization Summary for Study Area 25 (Current/Future and Future Land Uses) 
Storage Battery/Demolition Debris, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium Exposure 

Route 

Suiface Soil Ingestion 

(0 to < 1 ft BLS) Demiai Contaci 

Inhalation 

Subtolul 

Subsurface Soil Ingestion 

(1 to 10 ft BLS) Demiai Contact 

Inhaialion 

Subtotal 

Sediment Ingestion 

Demiai Contaci 

Subtotal 

Surface Water Ingeslion 

Dermal Coniact 

Subtotal 

Groundwaier Ingestion 

Demiai Coniact 

Inhaialion 
Subtotal 

Rabbii Ingestion 

Sublotal 

Fish Ingestion 

Subtotal 

CancerRisk 

Industrial Construction Recreational 

Worker Worker Child 

5E-06 B 4E-06 B 3E-06 B 

IE-06 B IE-07 B 4E.07 B 

IE-06 B IE-07 B 2E-07 B 

8E.06 B 4E-06 B 4E-06 B 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA • NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA . NA . 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

Surface Soil (0 to < l ft BLS), Sediment, Surfact Water, Groundwater, Rabbits, and Fish 

Combined Hazard Inde i : 

Combined Cancer Risk: 

Subsurface Soil (1 to 10 ft BLS), Sediment, Surfac 

Combined Hazard Inde i : 

' Combined Cancer Risk: j 

8E-06 B 1 4E-06 B | 4E-06 B j 

E Water, Groundwater, Rabbits, and Fish 

NA 1 NA 1 NA 1 

Adult 

3E-06 B 

4E-07 B 

2E-07 B 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-06 B 1 

NA 1 

Residential 

Child 

5E.05 

3E-06 

3E-06 

5E^)S 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5E-05 

NA 

B 

B 

B 

B 

B 

Adult 

5E-05 B 

3E-06 B 

3E-06 B 

5E45 B 

NA. 

NA 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 SE-03 B 

1 NA 

Noncancer HI 

Industrial 

Worker 

IE-OI 

2E-0I 

IE-03 
3E-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

B 

Construclion 

Worker 

IE+00 

lE-01 

IE-03 

IE+00 

2E-01 

5E-02 

3E-01 

SE-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B ' 

B 

B 

B 

B 

B 

Recreational 

Chi ld 

8E-02 B 

:3E-02 B 

2E-04 B 

lE-01 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

. NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

5E-02 B 

3E-02 B 

9E-05 B 

8E-02 B 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Residential 

Chiid 

3E+00 E 

3E-0I B 

5E-03 B 

4E+00 E 

4E-0I B 

IE-OI B 

lE+OO B 

2E+00 E 

NA 

NA 

NA 

NA • 

NA 

NA 

. NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adull 

4E-0r B 

2E-0I B 

IE-03 B 

6E-01 B 

4E-02 B 

6E-02 B 

4E-0I B 

5E-0I B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3E-01 B IE+00 B 1 IE-OI B 1 8E-02 B I 4E+00 E 1 6E-0I B 1 

NA 5E.0I B 1 NA 1 NA 1 2E+00 E 1 5E-01 B 1 

3 
a 

§: 
>i 
55-

a 

NA - pathway noi evaluated or all detected chemicals eliminated as COPCs 

OE+00 • pathway evaluated but no risks could be calculated due to lack of EPA-approved toxicity values 

B - HI < I or ELCRs 10^ 

E - HI > I or ELCR > lO" 

r c 
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Table 6-66. Summary of Receptor Risks and Hazards for COCs at Study Area 25 
Reasonable Maximum Exposure 

Storage Battery/Demolition Debris, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Tim^riame: Future 
Rn-epldr Populfilion: Residem 
Rccepior Age: Child 

Os 
I 

Medium 

Surfacv S<»l 

Subsurface Soit 

Exp* (sure 

Medium 

Soil 

Air 

Soil 

Air 

Expnairc 
PlHDl 

Slorage Biiicty/ncmolition Debris 

Otcmical 

Aluminum 

Arsenic 

Chromium, irivilcnl (assumed) 

lion 

Vuadium 
(Total) 

Sionge BAnery/DemolilioQ Debris ILMumimim 

Arsenic 

Chromiiim, huavainu tiwflinwrt) 

Iron 

Vuadium ' 

(Toul) 

Stongt BaMcry/Deinolilion Dcbiii MnnjaiKw 

(Toul) 

MvifaneM 

(Total) 

Carcinosenic Risk 

Ingeslion 

J 

Inhalation Dennal Exposure 
Roula Toul 

--

Chemical 

Aluminura 

*rsenic 

Cbromium. irivaleol (assumed) 

CUiiii;™-^. U i i . i i c J (i^uT-icdJ . 

Iron 

Vuadium 

fTotal) 

Ahnninura 

Arsenic 
Chiomium, t rival cni (assumed) 

Chromium, bcwvaleni (essumed) 

InoD 

Vanadium 
(Total) 

Manganese 

(Total) 

Manganese 

(Total) 

NoD-ClfCinogenic Huard Ouolieru 

Primiiy 

T inc lOi j i i . 

- • 

CNS 

CNS 

IngolioQ 

1.96 

1.96 

I).4n 

0.417 

Inhaluion 

1.42 

1.42 

Dermal 

0.131 

0.131 

0.105 

0.105 

• • 

Enposure 
Rnule, Totay 

2.09 

2.09 

;; 

O.S22 

0.522 

1.42 

1.42 ll 

3 a a 

'Ot 

% 

> 

I 
o o 



Human HeaUh Risk Assessment 

quantified for subsurface soil exposure because none of the COPCs has a toxicity value for cancer 
effects. For noncancer effects, the combined RME .His are 4 and 2 (surface and subsurface soil 
exposures, respectively for the child) and 0.6 and 0.5 (both surface and subsurface soil exposures for 
the adult). Noncancer effects were segregated according to target organ. For the resident child and 
adult, the medium TOHIs for the central nervous system exceed the target HI in subsurface soils. 
The following COCs were identified for residents at Study Area 25 based on noncancer effects: 

• iron: surface soil ingestion HQ = 2 (child) 
surface soil dermal contact HQ = O.I (child) 

• manganese: subsurface soil ingestion HQ = 0.4 (child) 
subsurface soil dermal contact HQ = 0.1 (child) 
subsurface soil inhalation HQ = 1 (child) 

6.4.4.21 Study Area 26 - Crossover Ditch 

The pathways evaluated at Study Area 26 are ingestion ofand dermal contact with sediment 
and surface water, and ingestion of fish for recreational and residential receptors. The RME risk 
characterization summary for Study Area 26 is presented in Table 6-67, and COCs for each 
pathway and receptor are listed in Tables 6-68. 

Recreational Scenario 

The combined RME cancer risk for the integrated child or adult receptor is 4 x 10"̂ , which 
falls below the target cancer risk of 1 x lO"̂ . The combined RME His of 0.8 for the child and I for 
the adult equal but do not exceed the target HI of I. Therefore, no COCs were identified for 
recreational receptors at Study Area 26. 

Residential Scenario 

The combined RME cancer risk for the integrated child or adult resident is 1 x 10"̂ , which 
falls below the target cancer risk of 1 x lO"'. The combined RME His of 3 for the child and 0.6 for 
the adult exceed the target HI of 1. Risks associated with fish, ingestion are responsible for the 
majority ofthe risk. Noncancer effects were segregated according to target organ. For residents 
ingesting fish, the mediimi TOHI for the kidneys exceeds the target HI. At Study Area 26, the 
following COC in fish tissue was identified for residents based on noncancer effects: 

• mercury: fish ingestion HQ = 2 (child) 

^ 
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Table 6-67. RME Risk Characterization Summary for Study Area 26 (Current/Future and Future Land Uses) 
Crossover Ditch, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium Eiposure 

Route 

Surface Soil Ingestion 

(0 to < I f t BLS) Etermal Contaci 

Inhalation 

Subtotal 

Subsurface Soil Ingestion 

(1 10 10 n BLS) Dermal Contaci 

Inhalation 

SubtottI 

Sedimem Ingestion 
Dermal Contact 

Subtotal 

Surface Water Ingestion 

Dermal Conlaci 

Subtotal 

Groundwater Ingestion 

Dermal Coniact 

Inhalation 

Subtotal 

Rabbii Ingestion 

Subtotal 

Fish Ingestion 
Subtotal 

Surface Soil (0 to < l ft BLS), Sediment, Surface V 

Combined Hazard Indei : 

Combined Cancer Risk: 

Subsurface Soil (1 to 10 ft BLS), Sediment, Surfac 

Combined Hazard Index: 

Combined Cancer Risk: 

Cancer Risk 

Industrial Construction Recreational 

Worker Woiker Chiid 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 
NA NA NA 

NA NA NA 

NA NA NA 

NA NA 3E-06 B 

NA NA 4E-07 B 

NA NA 3E.06 B 

NA NA IE-07 B 

NA NA 6E-08 B 
NA NA 2E-07 B 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

'ater. Groundwater, Rabbits, and Fish 

NA 1 NA 1 4E-06 B 

e Water, Groundwater, Rabbits, and Fish 

NA 1 NA 1 4E-06 B 

Auuii 

NA 

NA 

NA 

NA 

NA 

N.A 

NA 

NA 

3E-06 

4E-07 

3E-a6 

IE-07 

6E-08 

2E-07 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 4E-06 

1 4E-06 

B 

B 

B 

B 

B 

B 

B 

B 

Residential 

Cii i id 

NA 

NA 

NA 

NA 

NA 

N.A 

NA 

NA 

IE-05 
6E-07 

IE-05 

3E-07 

IE-07 

5E-07 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 IE-05 

1 IE-05 

B 

B 

B 

B 

B 

B 

B 

B 

Aduii 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

IE-05 

6E-07 

IE-05 

3E-07 

IE-07 

5E-07 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

IE-05 

IE-05 

B 

B 

B 

B 

B 
B 

B 

B 

Noncancer H I j 

Industriai 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

6E-02 B 

3E-02 B 

9E-0Z B 

IE-02 B 

2E-02 B 

4E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

7E-01 B 

7E-01 B 

Aduit 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-02 

2E-02 

iE-OZ 

2E-03 

2E-02 

2E-02 

NA 

NA 

NA 

NA 

NA 

NA 

4E-01 

4E-0I 

B 

B 

B 

B 

B 

B 

B 

B 

Residential 

ChUd 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

6E-01 B 

7E-02 B 

7E-0I B 

8E-02 B 

6E-02 B 

lE-01 B 

NA 

NA 

NA 

NA 

NA 

NA 

2E+00 E 

ZE-KIO E 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7E-02 B 

4E-02 B 

IE-OI U 

3E-03 B 

4E-02 B 

4E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

4E-0I B 

4E-01 B 

NA 1 NA 1 8E-01 B 5E-0I B 1 3E+00 E 1 6E-01 B 1 

NA 1 NA 1 SE-Ol B 5E-01 B 3E-KK) E 1 6E-0I B 1 

O 
O 

NA - pathway not evaluated or all delected chemicals eliminated as COPCs 

OE+00 - paihway evaluated but no risks could be calculated due lo lack of EPA-approved toxicity values 

B - H I < I or ELCR < IO'* 

E - H I > 1 or ELCR > IO"* 

3 
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Table 6-68. Summary of Receptor Risks and Hazards for COCs at Study Area 26 
Reasonable Maximum Exposure 

Crossover Ditch, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenaiio Timefnmc: Future 
Receptor Population: Resident 
Receptor Age: Chikl 

Os 

J4. 

Modium 

Surface Water 

Scdimenl 

Fish 

Exposure 

Modium 

Surface WaiCT 

Sediment 

Tissue 

Exposure 

Point 

Crossover Ditch 

Crossover Ditch 

Crossover Ditch 

Chemical 

Aluminum 

Anenic 

Barium 

Iron 

Manganese 

2.4-DinitTotolucne 

Cirbon Disulfide 

Carbon Tetrachloride 

(Total) 

Aluminum 

Aisenic 

Eiarium 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

rhallitmi 

Vanadium 

(Total) 

Mercury 

Selenium 

(Total) 

Carcinogenic Risk 

Ingeslion 

--

--

.. 
--

--

Inhalation Demiai Exposure 

Routes Total 

-

'_ 

Chemical 

Aluminum 

Anenic 

Barium 

Iron 

Manganese 

2.4-Dinitrotoluene 

Carbon Disulfide 

Carbon Tetrachloride 

(Total) 

Aluminum 

Aiscnk 

Baiium 

Chromium, trivalent (assumed) 

Iron 

Manganese 

rballtum 

Vanadium 

(Total) 

Mercuiy 

Selenium 

fTotal) 

Non-Carcinogenic Haurd Quotient 

Primary 

' Target O r ^ n 

kidney 

Ingeslion 

I 

_ 1 

95 

95 1 

Inhalation Dermal 

• -

Exposure 1 

Routes Tou l [ 

.. 

--

1 
1.95 

1.95 1 

? 
a 

Pa 

J*-
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a 
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W 
6.4.4.22 Study Area 27 - Beaver Pond Drainage System 

The pathways evaluated at Study Area 27 are ingestion of and dermal contact vsdth sediment 
and surface water, and ingestion of fish for recreational and residential receptors. The RME risk 
characterization summary for Study Area 27 is presented in Table 6-69. 

Recreational Scenario 

The combined RME cancer risk for the integrated child or adult receptor is 2 x 10"̂ , which 
falls below the target cancer risk of 1 x 10^. The combined RME His of 0.4 for the child and 
0.2 for the adult fall below fiie target HI of 1. Therefore, no COCs were identified for recreational 
receptors at Study Area 27. 

Residential Scenario 

The combined RME) cancer risk for the integrated child or adult resident is 5 x 10"̂ , which 
falls below the target cancer risk of 1 x 10^. The combined RME His of 1 for the resident child 
equals but does not exceed the target HI of 1 (HI for the adult is 0.3). No COCs were identified for 
residents at Study Area 27. 

6.4.4.23 Building 6 - Coke Oven 

V__ J The pathways evaluated at Building 6 are soil ingestion, dermal contact, and inhalation of 
suspended soil particulates; for all receptors. The RME risk characterization summaiy for 
Building 6 is presented in Table 6-70, and COCs are listied in Table 6-71. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 8 x 10"̂ , which falls below the target cancer risk of 1 x lo^. The combined RME HI 
of 0.2 falls below the target HI of 1. Therefore, no COCs were identified for the industrial worker at 
Building 6. 

Construction Scenario 

For construction vworkers exposed to soil, the combined cancer risks under RME 
assumptions are 4 x 10"̂  for surface soil exposure and 1 x 10"̂  for subsurface soil exposure. The 
combined RME His are 1 for surface soil exposure and 2 for subsurface soil exposure. The latter 
exceeds the target HI of 1. Noncancer effects were segregated according to target organ. The 
medium TOHIs for subsurface soil do not exceed the target HI. Therefore, no COCs were identified 
for the consiruction worker at Building 6. 

Vw' 
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Table 6-69. RME Risk Characterization Summary for Study Area 27 (Current/Future and Future Land Uses) 
Beaver Pond Drainage System, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium Exposure 

Route 

Surface Soil Ingestion 

(0 lo <1 n BLS) Dermal Contact 

Inhalation 

Subtotal 

Subsurface Soil , Ingeslion 

(1 10 10 n BLS) IDermal Contact 

Inhalatton 

Sublotal 

Sediment Ingeslion 

Demiai Coniact 

Subtotal 

Surface Waler Ingestion 

Dermal Contact 

SubtotiU 

Groundwater Ingestion 

Dennal Contact 

Inhalation 

Subtotal 

Rabbit Ingestion 

Subtotal 

Fish Ingestion 

Subtotal 

Surface Soil (0 to < I ft BLS), Sediment, Surface W 

Combined Hazard Indei : 

Combined Cancer Risk: | 

Subsuiface Soil (1 to 10 ft BLS), Sediment, Surfac 

Combined Hazard Index: 

Combined Cancer Rislt: | 

Cancer RJsk 

Industriai 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction Recreational 

Worker Chiid 

NA • NA 

NA • NA 

NA NA 

NA . NA 

. NA NA 

NA NA 

NA NA 

NA NA 

NA IE-06 B 

NA 2E-07 B 

NA IE-06 B 

NA IE-07 B 

NA 8E-08 B 

NA l E 4 n B 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

ater. Groundwater, Rabbits, and Fish 

NA 1 NA 1 2E-06 B 

t Water, Groundwater, Rabbits, and Fish 

NA 1 NA 1 2E-06 B 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

IE-06 

2E-07 

IE-06 

IE-07 

8E-08 

2E-07 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-06 

2E-06 

B 

B 

B 

B 

B 

B 

B 

B 

Residential 

Child 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-06 

, 4E-07 

SE-06 

3E-07 

IE-07 

5E-07 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

• NA 

1 5E-06 

1 5E-06 

B 

B 

B 

B 

B 

B 

B 

B 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

• NA 

4E-06 

4E-07 

5E-06 

3E-07 

IE-07 

5E-07 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 5E-06 

1 5E-06 

B 

B 

B 

B 

B 

B 

B 

B 

Noncancer H I 

Industrial 

Worker 

NA 

NA 

NA 

• NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

. NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA . 

Construction 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Chi ld 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-02 B 

2E-02 B 

6E-02 B 

2E-02 B 

4E-02 B 

7E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

2E-0I B 

2E-0I B 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-02 

2E-02 

4E-02 

3E-03 

4E-02 

4Em2 

NA 

NA 

NA 

NA 

NA 

NA 

2E-01 

2E-01 

B 

B 

B 

B 

B 

B 

B 

B 

Residential 

Child 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-01 B 

5E-02 B 

5E-0I B 

IE-OI B 

IE-OI B 

2E.«I B 

NA 

NA 

NA 

NA 

NA 

NA 

7E-01 B 

7E-0I B 

Adult 

NA 

NA 

NA 

NA 

NA 

• NA 

NA 

NA 

.4E-02 B 

3E-02 B 

7E-02 B 

5E-03 B 

7E-02 B 

7E-02 B 

NA 

NA 

NA 

• NA 

NA 

NA 

2E-0I B 

2E-0I B 

NA ' 1 NA 1 4E-0I B 1 2E-01 B 1 lE+OO B 1 3E-01 B 1 

NA 1 NA 1 4E-0I B 1 2E.0I B 1 lE-KX) B 1 3E-0I B 1 

r 
a 

I: 

a 
3 
a 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

OE-fOO - pathway evaluated but no risks could be calculated due to lack of EPA-approved toxicity values 
B - H I < l o r E L C R < 1 0 ' ' . 
E - H l > l o r E L C R > I O ' ' 

<r 
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Table 6-70. RME Risk Characterization Summary for Study Area B6 (Current/Future and Future Land Uses) 
Building 6 - Coke Oven, Alabama Army Ammunition Plant, Childersburg, Alabama 

Ti n 
•T3 

o 
3. 

Os 

-~1 

> 
C eg 

O 
o 

IVIedium Exposure 
D n . . . * 

Surface Soil Ingestion 

(0 to < 1 n BLS) Dennal Contact 

Inhaialion 

Subtotal 

Subsurface Soil Ingestion 

( I t o l O f l B L S ) Dermal Contact 

Inhalation 

Subtotal 

Sediment Ingestion 

Dermal Contact 

Subtotal . 

Surface Water Ingestion 

Dermal Contact 

Sublotal 

Groundwater Ingestion 

Dernial Contact 

Inhalation 

Subtotal 

Rabbit In|;estion 
Subtotal 

Fish Ingestion 

Subtotal 

Surface Soil (0 to <1 ft BLS), Sediment, Surface M 

Combined Hazard Index: 

Combined Cancer Risk: 

Subsurface Soil ( I to 10 ft BLS), Sediment, Surfac 

Combined Hazard Index: 

Combined Cancer Risk: 

Cancer Risk 

Industrial 

Worker 

6E-06 B 

2E-06 B 

6E-07 B 

8E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

4E-06 B 
IE-07 B 

6E-08 B 

4e-06 B 

9E-06 B 

3E-07 B 

IE-07 B 

IE4S B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

.. NA 

NA 

Recreational 

Child 

4E-06 B 

4E-07 B 

IE-07 B 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

. NA 
NA 

'ater. Groundwater, Rabbits, and Flsh 

8E-06 B 

c Waler, Grov 

NA 

4E-06 B 

ndwater, Rabb 

IE-03 B 

1 4E-06 B 

ts, and Fish 

1 NA 

Adult 

4E-06 B 

4E-07 B 

IE-07 B 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-06 B 

NA 

Residential 

Child 

5E.05 

3E-06 

2E-06 

5E-05 

IE-04 

6E-06 

3E-06 

IE-04 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 5E-05 

1 IE-04 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

Adul: 

5E-05 B 

3E-06 B 

2E-06 B 

SE-05 B 

IE-04 B 

6E-06 B 

3E-06 B 

IE-04 B 

NA 

NA 

NA 

NA 

NA 

NA • 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 5E-05 B 

1 IE-04 B 

Noncancer H I 

Industrial 

Worker 

IE-OI B 

8E-02 B 

NA 

2E-01 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

IE+00 B 

8E-02 B 

NA 

lE+OO B 

2E+00 E 

2E-0I B 

3E-0I 

2E+OO E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

7E-02 B 

2E-02 B 

NA 

9E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Aduli 

5E-02 B 

2E-02 B 

NA 

6E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Residential 

Child 

3E+00 E 

2E-0I B 

NA 

3E+00 E 

5E+00 E 

3E-01 B 

IE+00 B 

7E+00 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Aduli 

3E-0I B 

IE-OI B 

NA 

4C-01 B 

6E-01 B 

2E-01 B 

4E-0I B 

IE+00 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-0I B 1 IE+00 B 1 9E-02 B 6E-02 B 1 3E+O0 E 1 4E-01 B 1 

NA 1 2E+00 E 1 NA NA 7E+00 E 1 IE+00 B 1 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

OE+00 - pathway evaluated but no risks could be calculaled due to lack of EPA-approved toxicity values 

B - HI < 1 or ELCR < lO" 

E - H I > I o r E L C R > 10" 

3 
ta a 

55-
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Table 6-71. Summary of Receptor Risks and Hazards for COCs at Study Area B6 
Reasonable Maximum Exposure 

Building 6 - Coke Oven, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timcfnune: Future 
Receptor Population: Retidcm 
Receptor Age.' CMId 

Os 

oe 

—: 
Medium 

Surface Soit 

Subsurface Soil 

Exposure 

Medium 

Soil 

Air 

Soil 

Air 

Exposure 

Poini 

Building 6 - Coke Oven 

Building 6 - Coke Oven 

Building 6 - Coke Oven 

Building 6 - Coke Oven 

: 1 . • , • . . - — — 

Chemical 

Ahiminum 

Iron 

CTottl) 

Atuminum 

Iron 

(Total) 

Aluminum 

Arwntc 

Iron 

Manganese 

CTotaD 

Atuminum 

Arsenic 

Iron 

Manganese 

CToul) 

Carcinogenic Risk 

Ingestion 

--

--

Inhalation Dermal Exposure 

Routes Total 

Chemjcal 

Ahiminum 

Arsenic 

Iron 

(Total) 

Ahiminum 

Arsenic 

Iron 

(Total) 

Aluminum 

Arsenic 

Iron 

Manganese 

(Total) 

Aluminum 

Arsenic 

Iron 

Manganese 

(Total) 

Non-Carcinogenic Hazard Quotient 

Primary 

Target Organ 

--

--

skin 

CNS 

CNS 

Ingestion 

t.78 

t.78 

--

1.96 

2.43 

0.378 

4.77 

--

•-

Inhalation 

1.29' 

1.29 

Dermal 

0.119 

0.119 

0.04JI 

0.163 

0.0950 

0.306. 

--

Exposure 1 

Route, Total | 

1.90 

190 

2.01 

2.59 

0.473 

5.07 

1.29 

1.29 

& 

lb. 

i 

> 

IO 
o o 

a 

( ( ( 



Human Health Risk Assessment 

W^ 
Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adult receptor is 4 x 10"̂ , which is below the target cancer risk of 1x10"^. The 
combined RME His of 0.09 for the child and 0.06 for the adult fall below the target HI of 1. 
Therefore, no COCs were identified for recreational receptors at Building 6. 

Residential Scenario 

The combined RME cancer risks for the integrated child or aduh resident are 5 x 10"̂  for 
exposure to surface soil and 1 x lo for exposure to subsurface soil. Both are at or below the target 
cancer risk of 1 x 10^. For noncancer effects, the combined RME His are 3 and 7 (surface and 
subsurface soil exposures, respectively for the child) and 0.4 and 1 (surface and subsurface soil 
exposures, respectively for the adult). Noncancer effects were segregated according to target organ. 
For the resident child, the medium TOHIs for the central nervous system and skin exceed the target 
HI in subsurface soils. The following COCs were identified for residents at Building 6 based on 
noncancer effects: 

• sirsenic: subsurface soil ingestion HQ = 2 (child) 

• iron: surface soil ingestion HQ = 2 (child) 
surface soil dermal contact HQ = 0.1 (child) 
subsurface soil ingestion HQ = 2 (child) 
subsurface soil and dermal contact HQ = 0.2 (child) 

• manganese: subsurface soil ingestion HQ = 0.4 (child) 
subsurface soil inhalation HQ = 1 (child) 

6.4.4.24 Transformer Storage Building and Utility Poles 

The pathways evaluated at the Transformer Storage Building and Utility Poles are soil 
ingestion, dermal contact, and inhalation of suspended soil particulates for all receptors. The RME 
risk charact<;rization summary for this CERFA site is presented in Table 6-72, and COCs for each 
pathway and receptor are listed in Tables 6-73 through 6-76. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions: is 2 x 10^, which exceeds the target cancer risk of 1 x lO"̂ . The combined RME HI of 
1 equals but does not exceed the target HI of 1. The following COCs were identified for the 
industrial worker based on cancer effects: 

• i\roclor-1248: surface soil ingestion cancer risk = 2 x 10"̂  
surface sbil dermal contact cancer risk = 3 x 10"̂  

Final RI Report 6-129 August 2001 



Table 6-72. RiME Risk Characterization Summary for Study Area PO (Current/Future and Future Land Uses) 
Downed Utility Poles with Transformers, Alabama Army Ammunition Piant, Childersburg, Alabama 

Medium Eiposure 

Route 

Surface Soil Ingestion 

(0 to < 1 n BLS) Dermal Contact 

Inhalaiion 

SuMotal 

Subsurface Soil Ingestion 

(1 to 10 ft BLS) Dermal Conlaci 

Inhalation 

Subtotal 

Sediment Ingestion 

Dermal Contact 

Subtotal 

Surface Water Ingestion 

Dermal Coniact 

Sublotal 

Groundwater Ingeslion 

Dermal Contact 

Inhalation 

Subtotal 

Rabbit Ingestion 

Subtotal 

Fish Ingeslion 

Subtotal 

Surface Soli (0 to < l It BLS), Sediment, Surface W 

Combined Hazard Inde i : 

Combined Cancer Risk: | 

Subsurface Soil (1 to 10 f l BLS), Sediment, Surfac 

Combined Hazard Indei : 

Combined Cancer Risk:. | 

Cancer Risk 

Industrial 

Worker 

7E-05 B 

9E-05 B-

NA 

2E-04 E 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

5E-05 B 

7E-06 B 

NA 

6E-05 B 

NA 

NA 

IE-07 B 

IE-07 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

4E-05 B 

2E-05 B 

NA 

7E-05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

ater. Groundwater, Rabbits, and Flsh 

2E-04 E 1 

t Water, Groun 

NA 1 

6E-05 B 1 

dwater. Rabbits 

IE-07 B 1 

7E-05 B 1 

, and Fish 

NA 1 

Adult 

4E-05 B 

2E-05 B 

NA • 

7E.05 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7E-05 B 

NA 

Residential 

Child 

6E-04 

2E-M 

NA 

• 8E4)4 

NA 

NA 

4E-06 

4E.06 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8E-04 

4E-06 

E 

E 

E 

B 

B 

E 

B 

Adult 

6E-04 E 

2E-04 E 

NA 

8E-04 E 

NA 

NA 

4E-06 B 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 8E-04 E 

1 4E-06 B 

Noncancer H I 

Industrial 

Worker 

6E-0I B 

7E-01 B 

NA 

lEtOO B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

2E+00 E 

3E-0I B 

NA 

J E ^ O E 

IE-OI B 

2E-02 B 

4E-03 

2E-4I B 

NA 

NA 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

NA • 

. NA 

NA 

NA 

NA 

Recreational 

CbUd 

4E-0I B 

2E-0I B 

NA 

5E.01 B 

NA 

NA 

NA 

NA 

' NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

• NA 

NA 

Adult 

2E-0I B 

IE-OI B 

NA 

4E-01 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Residential 

Child 

2E-K)I E 

2E+00 E 

NA 

2E+0I E 

4E-0I B 

8E.02 B 

2E-02 B 

SE-01 B 

NA 

NA 

NA 

NA .• 

NA 

NA • . 

.NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

2E+00 E 

IE+00 B 

NA 

3E+00 E 

5E-02 B 

5E-02 B 

5E-03 B 

IE-OI B 

NA 

NA 

NA 

NA 

NA 

NA 

_ NA 

NA 

NA 

NA 

NA 

NA 

NA 

. NA 

. . . 

1E400 B 1 3E+00 E 1 SE-01 B 1 4E-01 B 1 2E+0I E 1 3E+O0 E 1 

\ 

NA ' 1 2E-0I B 1 NA 1 NA 1 5E-0I B 1 IE-OI B 1 

3 
a 

Pa 

f t 

3 
â 

NA - pathway nol evaluated or all detected chemicals eliminated as COPCs 

OE+OO - pathway evaluated but no risks could be calculated due lo lack of EPA-approved toxicity values 

B - H K I or ELCR < 10" 

E • HI > I or ELCR > 10" ' . 

i r r ( 
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Table 6-73. Summary of Receptor Risks and Hazards for COCs at Study Area PO 
Reasonable Maxinium Exposure 

Downed Utility Poles with Transformers, Alabama Army Ammunition Plant, Childersburg, Alabama 
Sccrurto Timeframe: Cunml/Future 
Receptor Populition: Industriil Worker 
Receptor Age: Adull 

Medium 

Surface Soil 

Exposure 

Medium 

Soil 

Air 

Expoaure 

Point 

Downed Ulili ly Pole* with Tnnsformen 

Downed Ulil i ly Polet wiih Trinaformen 

ChemicI 

Aroclor 1248 

Anxlor 1254 

(Toul) 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

(Toul) 

Carcinogenic Risk 

Ingestion 

2.422E-05 

8.2I2E-06 

3.3WE-03 

6.8a7E-OS 

--

Intulalion 

• -

--

Dennal 

3.I21E-05 

1.058E-05 

4.394E-05 

8.774E-05 

--

--

Expocure 

Route, Toul 

5.543E-05 

1.880E-05 

8.i55E-05 

0.000156 

--

Chemical 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

(Toal) 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

(Toul) 

' Non-Carcinogenic Hazard QuolienI 

Primary 

Target Organ 

• -

Ingeslion 

--

Inhaialion 

--

--
--

--

Dermal 

•-

--

Exptiture 

Routes Tnul 

--

Os 
1 

3 
a 

5-
ST' 

S3 
a 
3 
»% a 

> c eg 

K» o o 
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Table 6-74. Summary of Receptor Risks and Hazards for COCs at Study Area PO 
Reasonable IVIaximum Exposure 

Downed Utility Poles with Transformers, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario TimeTnme: Fulifft 
Receptor Population: fibnsmiclion Woiliei 
Receptor Age: Adutl 

OS 

l>J 

Medium 

Surface Soil 

Subsurface Soil 

1—--^—^ 1 

Exposure 

Medium 

S.>il 

Air 

Soil 

Air 

Expoaut 

Pnni 

nounud Ulilily Poles with Transfomiers 

Downed Utility Poles with Transformen 

Downed Ulilily Poles with Transcformeti 

ChcmJctI 

Aroclor I24R 

AnKlnrl2S4 

A toe lor 1260 

iTolaJ) 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

[Toul) 

Aluntinum 

Cbromium. ihvslenl (Bssumed) 

Chruatiuin, bcui'slcoi (isiumed) 

(Total) 

Aluminum 

ChiQioiuiiL trivilcnl (usuined) 

CToul) 

Canrinogenic Rjsk 

Ingestion 

• • 

Inhalaiion Dennal Exposure 
Roues Toul 

-

Chetmcal 

Amcku 1248 

Amclor I2S4 

Amclof I2W 

[Toull 

Aioclor 1248 

Amck). 1254 

Aroclor 1260 

(Total) 

Aluminum 

Chmmium, trivalem (assumed) 

Chiomruin, hcxatalenr (asiumed) 

(Toul) 

ChiDinium, uivalent (assumed) 

Chiontium, hexavalem (assumed) 

(Toul) 

1 
Nun-Carcinogenic HaTard Quolient 1 

Primary 

Target Organ 

eyes 

Ingestion 

2 

2 

21 

2t 

J 

Inhalation 

_: 

Dennal 

0.296 

0.296 

• • 

- • 

Exposure 
Routes Total 

2.S0 

2.50 

.. 

•-

3 
a 

> 
c eg 
» 
to 

o 

a 
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Table 6-75. Summary of Receptor Risks and Hazards for COCs at Study Area PO 
Reasonable IVIaximum Exposure 

Downed Utility Poles with Transformers, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timefiame: Fulure 
Receptor Populalion: Residem 
Receptor Age: Chtld 

Medium 

Sulfate Soil 

Subsurface Soil 

Exposuie 
Utedium 

Soil 

Air 

Soil 

Air 

Exposure 
Poim 

Downed Uli l i ly Poles wilh Tiansformen 

Downed Uti l i ly Poles wilh Tianafoimen 

Downed Utility Pules wilh Transfotmera 

Downed Util ity Pules wilh Tmnsfi i rmn\ 

Chemical 

Anxlor 1248 
AmcUn I2S4 
Aroclor 1260 

](Tout) 

Aroclor I24S 
Aroclor 1254 
Aroclor 1260 
(Toul) 

Aluminum 

Ctt tmium. iri'.alcnl (aiiumcd) 

Chmmium. hexavalem (assumed) 

(Toul) 

Aluminum 
Chromium, invalcm (assumed) 
Cbromium, hexavalem (assumed) 
(Toul) 

C&icinogenic Risk 

Ingestion 

0.000217 

7.3S8E-05 

0.O0O3I9 
0.000610 

Inhalation 

; 

Dermal 

S.89IE^)5 
1.998E4)S 
8.67 IE-OS 
0.000166 

Expowte 
Routes Toul 

0.000276 
9.556E^)S 
0.000406 

O.O0O776 

: 

Chemical 

Arockir 1248 
Aroclor 1254 
Aroclor 1260 
(Tolal) 

Aroclor 1248 
Aroclor I2S4 
Aroclor 1260 
(Tout) 

Aluminum 

(^lomium, uivalent (assumed 1 

Chromium, hexavalent (assumed) 

(Toul) 

Aluminum 

Cliromium. hexavalent (assumed) 
(Toul) 

Non.Can:inogeoic Hazard tXolieol 

Primary 
Target Organ 

eyes 

Ingeslioa 

IS 

15 

Inhalation Dennal 

. 
1 

68 

68 

Exposuit 
Roues Tout 

17 

17 1 

"• 
.. 

• • 

1 
L t i 
1>J 

3 
a 

I 
5-

a 
3 

> 
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Table 6-76. Summary of Receptor Risks and Hazards for COCs at Study Area PO 

Reasonable Maximum Exposure 

Downed Uti l i ty Poles with Transformers, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timcffamc: Fuiurc 
RcccjHnr popublkin: Rcsidea 
Receptor Aye: Adull 

Medium 

Surface Soil 

Subsurface Soil 

Exposuie 
Medium 

Soil 

Air 

Soil 

Air 

Exposure 
Poim 

Downed Uli l i ly INiles with Transfonacn 

Downed Uli l i ly Poles with Transfonncn 

Downed Utility Poles with TransfoTmn, 

Chemical 

Arockir 1241 

Aroclor 1254 

Aroclor 1260 

(Toul) 
Arockii 1248 
Arocloi 1254 
Aroclor 1260 
(Toul) 

Atuminum 

Chtomiutit, hcuvBleiu (assumed) 

(Toul) 

Ahimimim 

QuDmium. irivalenl (assumed) 
(^hnmium. bexavaleni (assumed) 
(Toul) 

Carcinogenic Risk 

Ingestion 

0.000217 
7.358E-OS 
0.000319 

0.000610 

Inhalation 

J 1 

Dermal 

5891E-05 
1.998E.05 
8.671E-05 
0000166 

: 1 

Exposure 
Rotaes Tolal 

0.0OO276 
9'.356E.05 
0.(n0406 

0.000776 

• ~ 

diemical 

Aioclor 1248 
Aroclor 1254 
Aroctor 1260 
(Tolal) 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
(Toul) 

Aluminum 

Chromium, hexavalent (assumed) 

(Toul) 

Aluminum 
Chromium, trivalent (assumed) 
Chromium, hexavalent (assumed) 

(Toul) 

Non-Can;inogenic HaArd f>KMient 

Primary 
Targel Organ 

eyes 

Ingeslnn 

1 

1 

61 

61 

J 1 

Inhalalkin 

• • 

Dermal 

1.04 

1.04 

Exposuie 
Routes Tota] 

2.6S 

2.65 

; • 

•-

^ 

i 

> 
c 

IO 
o 
o 

c c c 



Human Health Risk Assessment 

Aroclor-1254: surface soil mgestion cancer risk = 8 x 10"̂  
surface soil dennal contact cancer risk =1x10'^ 

Aroclor-1260: surface soil ingestion cancer risk = 4 x 10"̂  
surface soil dermal contact cancer risk = 5x10'^ 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
assumptions are 6 x 10'̂  for suiface soil exposure and 1 x lO'̂  for subsurface soil exposure which 
are below ihe target cancer risk of 1 x 10"̂ . The combined RME His are 3 for surface soil exposure 
and 0.2 for subsurface soil exposure. The combined surface soil hazard index exceeds the target HI 
of 1. Noncancer effects were segregated according to target organ. The surface soil TOHI for the 
eyes exceeds the target HI of 1. Therefore, the following COC was identified for the construction 
worker based on noncancer effects: 

• Aroclor-1254: surface soil ingestion HQ = 2 
surface soil dermal contact HQ = 0.3 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated c;hild or adult receptor is 7 x 10'̂ , which is below the target cancer risk of 1 x 10^. The 
combined FIME His of 0.5 for the child and 0.4 for the adult fall below the target HI of 1. Therefore, 
no COCs were identified for recreational receptors. 

Residential Scenario 

The combined RME cancer risks for the integrated child or adult resident are 8 x 10"̂  for 
exposure to surface soil aiiid 4 x 10"̂  for exposure to subsurface soil. For noncancer effects, the 
combined RME His are 20 and 0.5 (surface and subsurface soil exposures, respectively for the 
child), and 3 and 0.1 (suiface and subsurface soil exposures, respectively for the adult). The 
combined surface soil cancer risk and hazard indices exceed regulatory criteria. Noncancer effects 
were segregated according to target organ. In surface soils, the medium TOHI for the eyes exceeds 
the target FU for the child and the adult. The following COCs were identified for residents based on 
cancer and noncancer effect: 

• Aroclor-1248: surface soil ingestion cancer risk = 2x10"* 
surface soil dermal contact cancer risk = 6 x 10'̂  

• Aroclor-1254: surface soil ingestion cancer risk = 7 x 10"̂  
suiface soil dermal contact cancer risk = 2 x 10'̂  
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Human HeaUh Risk Assessment 

surface soil ingestion HQ = 15 (child), 2 (adult) 
surface soil dennal contact HQ = 2 (child), 1 (adult) 

• Aroclor-1260: surface soil ingestion cancer risk = 3 x 10"̂  
surface soil dermal contact cancer risk = 9 X 10"* 

6.4.4.25 Underground Storage Tanks 

The pathways evaluated at the Underground Storage Tanks are soil ingestion, dennal 
contact, and inhalation of suspended soil paiticulates for the construction worker and resident 
receptors. The RME risk characterization summary for this CERFA site is presented in Table 6-77 
and COCs are listed in Table 6-78. 

Industrial Scenario 

Industrial workers were assumed to be exposed only to surface soils. Risks were not 
calculated for industrial workers because surface soil samples were not collected at this site. 

Construction Scenario 

For construction workers exposed to subsurface soil, the combined cancer risk under RME 
assumptions is 3 x 10'̂ , which falls below the target cancer risk of 1x10"^. The combined RME HI 
is 3, which exceeds the target HI of 1. Noncancer effects were segregated according to target organ. 
The medium TOHIs for subsurface soil do not exceed the target HI. Therefore, no COCs were 
identified for the construction worker. 

Recreational Scenario 

Recreational receptors were assumed to be exposed only to surface soils. Risks were not 
calculated for recreational receptors because surface soil samples were not collected at this site. 

Resideritial Scenario 

The combined RME cancer risk for the integrated child or adult resident is 5 x 10"* for 
exposure to subsurface soil, which is below the target cancer risk of 1 x lO"̂ . For noncancer effects, 
the combined RME His are 8 for the child and 2 for the adult. Noncancer effects were segregated 
according to target organ. For the resident child, the medium TOHI for the central nervous system 
exceeds the target HI in subsurface soils. The following COCs were identified for residents based 
on noncancer effects: 

• iron: subsurfece soil ingestion HQ = 2 (child) 
subsurfece soU dermal contact HQ = 0.1 (child) 
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Table 6-77. RME Risk Characterization Suinmary for Study Area US (Current/Future and Future Land Uses) 
Underground Storage Tanks, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium Eiposure 
Rs-its 

Surface Soil Ingeslion 
(0 to < 1 n BLS) Dermal Contact 

Inhalation 
Subtolal 

Subsurface Soil Ingeslion 
(1 to 10 n BLS) Dermal Contact 

Inhalation 
Sublotal 

Sediment Ingestion 
Dermal Coniact 
Subtotal 

Surface Water Ingeslion 
Dennal Contact 
Subtotal 

Groundwater Ingestion 
Dennal Contaci 
Inhaialion 

' Sublotal 

Rabbit Ingeslion 
Subtolal 

Fish Ingestion 
Subtotal 

CancerRisk 
Industrial 
Worker 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA . 
NA 

NA 
NA 

NA 
NA 

Surface Soil (0 lo <• ft BLS), Sediment, Surface Water, Ground 

Combined Hazard indci: 
Combined Cancer Risk: 

Subsurface Soil (1 lo 10 ft BLS), Sediment. Surfac 

Combined Hazard indei: 
Combined Caticcr Risk: 

NA 

Consiruction Recreational 
Wcrlur Ciiiiu Auuii 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

2E-07 B NA NA 
9E-08 B NA NA 
3E-08 B NA NA 
3E-07 B NA NA 

NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 

If ater. Rabbits, and Flsh 

NA 1 NA 1 NA 

c Water, Groundwater, Rabbits, and Fish 

NA 3E-07 B 1 NA 1 NA 

Residential 
Child 

NA 
NA 
NA 
NA 

3E-06 B 
2E-06 B 
7E-07 B 
SE-06 B 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 NA 

1 5E-06 B 

Aduil 

NA 
NA 
NA 
NA 

3E-05 B 
2E-06 B 
7E-07 B 
5E-06 B 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 NA • 

1 5E-06 B 

Noncancer Hi 
Industrial 
woriier 

NA 
NA 
NA 
NA 

NA 
N.\ 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Construction 
Worker 

NA 
NA 
NA 
NA 

lE+flO B 
3 E-01 C 
9E-01 
3E+00 E 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Recreational 
Child Adult 

NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 

NA NA 
NA NA 

Residential 
Child 

NA 
NA 
NA 
NA 

4E+O0 E 
6c-Gi 5 
4E+00 E 
8E+00 E 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

AduU 

NA 
NA 
NA 
NA 

4E-01 B 
4E-0i B 
IE+00 B 
2E+00 E 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 

NA 1 SE-tOO E 1 NA 1 NA 1 8E+00 E 1 2E+00 E 1 

? 
a 

Pa 
55-

a 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

OE+00 - paihway evaluated bul no rislcs could be calculaled due to lack of EPA-approved toxicity values 

B - H I < I or ELCR < 10"* 

E - H I > I or ELCR > 10"* 



Table 6-78. Summary of Receptor Risks and Hazards for COCs at Study Area US 
Reasonable Maximum Exposure 

Underground Storage Tanks, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scciario Tuncfiaine: Future 
Rccqnor Popubtion: Resident 
Recquof Age: Child 

Medium 

Subsuiftct Soil 

Exposure 

Medium 

Soil 

Air 

Exposure 

Point 

Underground Stortge Tanks 

Undci^round Storage Tanks 

Chemical 

Ahuninum 

Chromium, trivaleni (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadium 

Benzo(a)pyrene 

[Total) 

Alummum 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadhmi 

Benzo(a)pyrcnc 

[Total) 

Caicinogcnic Risk 

Ingeslion. Inhalation Dermal Exposure 

Routes Total 

Chemtcai 

Aluraioum 

Chromium, trivateni (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadium 

Benzo(a)pyrcnc 

(Total) 

Ahmiinum 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Iron 

Manganese 

Vanadium 

Benzo<a)pyrene 

[Toni) 

• • 1 
Non-Caicinogcnic llazird (>tDtiet)t 

Ptimaiy 

TaifietOi]tan 

CTIS 

CNS 

Ingestion 

t .M 

1.12 

3.11 

--

Inhalation 

3.81 

3.SI 

Dcfinil 

0.133 

0.281 

0.415 

• -

ExposutT 

Routes Total 

2 1 3 

1.40 

3.SJ 

3.81 

3.81 

3 
a 

a 

f ( ( 



Human HeaUh Risk Assessment 

o manganese: subsurface soil ingestion HQ = 1 (child) 
\ ^ subsurface soil dermal contact HQ = 0.3 (child) 

subsuiface soil inhalation HQ = 4 (child) 

6.4.4.26 Gas Station 

At Ithe Gas Station, all detected chemicals in subsurface soils were eliminated as COPCs in 
the compaiison to background or RBCs. Surface soil samples were not collected at this site. 
Therefore, no risk exceeding regulatory targets is posed by subsurface soil exposure at the Gas 
Station. 

6.4.4.27 Fertilizer and Pesticide Storage Building 

The pathways evaluated at the Fertilizer and Pesticide Storage Building are soil ingestion, 
dermal contact, and inhalzition of suspended soil particulates for all receptors. The RME risk 
characterization summary for this CERFA site is presented in Table 6-79, and COCs for each 
pathway and receptor are liiited in Tables 6-80 and 6-81. 

Industrial Scenario 

For industrial workers exposed to surface soil, the combined cancer risk under RME 
assumptions is 7 x 10"̂ , whiich falls below the target cancer risk of 1 x 10"*. The combined RME Hi 
of 0.2 falls below the target HI of 1. Therefore, no COCs were identified for the industrial worker at 
the Fertilize and Pesticide Storage Building. 

Construction Scenario 

For construction workers exposed to soil, the combined cancer risks under RME 
assumption,'? are 4 x 10"̂  for surface soil exposure and 9 x 10'* for subsurface soil exposure. The 
combined FIME His are 1 ibr surface soil exposure and 3 for subsurface soil exposure. The latter 
exceeds the; target HI of I. Noncancer effects were segregated according to target organ. The 
following C'OC was identified for the construction worker at the Fertilizer and Pesticide Storage 
Building based on noncancer effects: 

• iron: subsurface soil ingestion HQ = I 
subsurface soil dermal contact HQ = 0.1 

Recreational Scenario 

For recreational receptors exposed to surface soil, the combined RME cancer risk for the 
integrated child or adult receptor is 4 x 10"̂ , which is below the target cancer risk of 1 x 10^. The 

^ 

\ ^ 
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Table 6-79. RME Risk Characterization Summary for Study Area PS (Current/Future and Future Land Uses) 
Fertilizer and Pesticide Storage Building, Aiabama Army Ammunition Plant, Childersburg, Alabama 

Ti n ts o 

<?\ 

o 

> 

S) 
O ' o 

Medium Eiposure 

Rouu 

Surface Soil Ingestion 

(0 to <l ft BLS) Dennal Contact 

Inhalation 

Subtotal 

Subsurface Soil Ingestion 

( I t o l O f l B L S ) Dennal Contact 

Inhalation 

Subtotal 

Sediment Ingestion . 

Dennal Coniact 
Subtotal 

Suiface Water Ingestion 

Dermal Contact 

Subtotal 

Groundwater Ingestion 

Dermal Conuct 

Inhalation 

Subtolal 

Rabbit Ingestion 

Subtotal 

Fish Ingestion 

Subtotal 

Surface Soil (0 to < l ft BLS), Seditiicnl, Surface W 

Combined Hazard Indc i : 

Combined Cancer Risk: 

Subsurface Soil (1 to 10 ft BLS), Sediment, Surfac 

Combined Hazard Indei : 

Combined Cancer Risk: 

CancerRisk 
Induttr ial 

Worker 

5E-06 B 

IE-06 B 

9E-07 B 

7E4)6 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

ConstructioD Recreational 
Worker Child 

4E-06 B 3E-06 B 

IE-07 B 4E-07 B 

9E-08 B 2E-07 B 

4E.06 B 4E.06 B 

NA . NA 

NA NA 

9E-08 B NA 

9E.08 B NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

ater, Groundwater, Rabbits, and Fisb 

7E-06 B 1 4E-06 B 1 4E-06 B | 

t Waler, Groundwater, Rabbits, and Flsh 

NA 1 9E-(I8 B 1 NA 1 

Adult 

3E-06 B 

4E-07 B 

2E-07 B 

4E-06 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E-06 B 

NA 

Residential 

ChUd 

5E-05 

3E-06 

2E-06 

SE-OS 

NA 

NA 

2E-06 

2E-06 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 5E-05 

1 2E-06 

B 

B 

B 

B 

B 

B 

B 1 

B | 

Adult 

5E-05 

3E-06 

2E-06 

SE-OS 

NA 

NA 

2E-06 

2E-«i 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5E-05 

2E-06 

B 

B 

B 

B 

B 

B 

B 

B 

1 Noncancer HI 

Industrial 

Worker 

IE-OI 

9E-02 
8E-04 

2E.0I 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

N A ' 

NA 

NA' 

B 

B 

B 

B 

Construction 

Worker 

IE+00 

8E-02 

IE-03 

IE+00 

2E+00 

3E-01 

5E-0I 

3E+00 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

B 

B 

B 

B 

E 

B 

E 

Recreational 

Cbi ld 

7E-02 B 

2E-02 B 

2E-04 B 

9E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

5E-02 B 

2E-02 B 

7E-05 B 

6E-02 B 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Residential 

Child 

3E+O0 

2E-0I 

4E-03 

3E+<)0 

5E+00 

7E-0I 

2E+00 

8E+00 

NA 

NA 

NA 

NA 

NA 

NA • 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

E 

B 

B 

E 

E 

B 

E 

E 

Adult 

3E-01 B 

IE-OI B 

IE-03 B 

4E-0I B 

6E-0I B 

5E-01 B 

6E-0I B 

2E+00 E 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-01 B IE+00 B 9E-02 B 1 6E-02 B 1 3E+00 E 4E-0I B 1 

NA 3E+00 E NA 1 NA 1 8E+00 E 2E+00 E 1 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

OE+00 - pathway evaluated bul no risks could be calculaled due to lack of EPA-approved toxicity values 

B - H I < I o r E L C R < I 0 " * 

E - HI > 1 or ELCR > lO" 

3 
a 

Pa 

>?• 

;^ 

a 
3 
a 

c 
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Table 6-80. Summary of Receptor Risks and Hazards for COCs at Study Area PS 
Reasonable Maximum Exposure 

Fertilizer and Pesticide Storage Building, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeftitne: Future 
Receptor Population: Qnuiniciion Worlie) 
Receptor Age: Adull 

I 

Medium 

Surface Soil 

Subsurface Soil 

Exposure 

Mediuin 

Soil 

Air 

Soil 

Air 

Exposure 
Poioi 

Fenilizer and Peslicide Sionge Ruiklitis 

Fenilizer and Pesticide Storage Building 

Fenilizer au l Peslicide Stoiage Building 

Fenilizer and Peslicide Sionge Building 

Chenucal 

Aluminum 

Arseiuc 

ChiDinium. irivalenl (assumed) 

Chromium, beuvaleni (assumed) 

Iron 

[Total) 

Aluminum 

Arsenic 

Chronuum, irivalenl (issumod) 

Chmmium, hexavalem (assumed) 

Iron 

(Toial) 

Alumitaiffi 

Chiomium, trivalcni (assumed) 

Chronuum, bexavaleni (assumed) 

iron 

Manganese 

Vanadium 

(Total) 
Aluminum 

Chromium, bexavaleni (assunwd) 

Iron 

Maogaoesc 

Vanvlium 

Carcinogenic Risk 

Ingestion 

1 : 

Inhalation Dermal Exposure 
Routes Total 

Chemical 

Aluminum 

Arsenic 

Chrotnium. trivalent (assumed) 

Chronuum, nexavalcni (assumed) 

Iron 

[Total) 

Aluminurn 

Arsenic 

Chroniium, hfxa^'alciu (assumed) 

Iron 
ITottl) 

Aluminum 

Chromium, Irivalenl (assumed) 

Chromium, bexavaleni (auumed) 

Iron 

Manganese 

Vanadium 

fTotal) 

Alumimun 

Chromium, trivalent (assumed) 

Chromiunt. hexavalent (assumed) 
Iron 

Manganese 
Vanadium 
(Total) 

1 
Non-Caicinogenic Hinrd Quotieni 

Primaiy 
Target Organ 

IngnlioD 

1.47 

1.47 

• • 

Inhalation 

J 

Dermal 

0.119 

0.119 

--

Exposure 
Routes Total 

1 

1 

" 

• 

59 

" 

3 
(a 
a 

Po 
55-

'Ot 

% 

3 
«% 

a 

• > c eg 

to o o 
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Table 6-81. Summary of Receptor Risks and Hazards for COCs at Study Area PS 
Reasonable Maximum Exposure 

Fertilizer and Pesti'cide Storage Building, Alabama Army Ammunition Plant, Childersburg, Alabama 
Sccrario Tiitiefiitnc: Fitiitre 
RccqNor Pupuluioit; Resideid 
RecetMrAge: CIttltl 

Os 

to 

Mcdiittn 

Suifice Soil 

SulButfjiT Soil 

Eiposure 

Medium 

Soil 

Air 

SoiJ 

Air 

Exposure 

Poim 

Fenilizer and Pesticide Storage Building 

Fenilizer and Peslicide Storage Building 

Fenilizer and Pesticide Sionge BuiJdijig 

Fenilizer and Pesticide Storage Building 

Chemical 

Alumimun 

Anenic 

Chiomium, trivalcni (asxiancd) 

Chromium, bexavaleni (assumed) 

Iron 

fTotal) 
Aluminum 

Arsemc 

Chromium, hexavalem (as.<nimcd> 

Iron 

(Total) 

'Mumimm 

Cbromitun. irî -alcM (assumed) 

Chromium, bexavaleni (assumed) 

Iron 

Vanadiura 

(Total) 

Aluminum 

Chromium, trivalem (assumed) 

Chromiimi, bexavaleni (assumed) 

Iron 

Manganese 

Vanadium 

fTotal) 

Carcinogenic Risk 

Ingestioti 

•_ 

Inhalation 

1 

Derma) 

: 1 

Exposure 

Routes Total 

-

Chemical 

Aluminum 

Anenic 

Chromium, hexavalent (auumed) 

Iron 

(Total) 
Aluminum 

Arienic 

Chromium, ihvalem (assumed) 

Chrotnium. bexavaleni (auumed) 

Iron 

[Total) 

Aluroinum 

Chromium, trivalem (assumed) 

Chromium, bexavaleni (auumed) 

Iron 

Vanadium 

(Total) 

AliioiiniitD 

Ctirotitititn. beuvilcut (usutiied) -

liun 

Miagaotsc 

Vimditrnt 

(Tool) 

NoD-CaiciDogctiic Hazaid Quotient 

Piimoty 

T i t j a Ontati 

CNS 

CNS 

iogcstioa 

1.8] 

1.83 

<.0I 

0.38« 

4.59 

• -

lobalation 

1.99 

^ 1.99 

Dennal 

0.123 

0.123 

0.268 

0.M7 

0.416 

•• 

Exposure 1 
Routes Total! 

1.95 

1.95 

4.27 

0.733 

5.01 

1.99 

1.99 

f 
I 

> 
c 

to 
o 
o 

c c c 



Human HeaUh Risk Assessment 

combined ]RME His of 0.09 for the child and 0.06 for the adiilt faU below the target HI of 1. 
Therefore, no COCs were identified for recreational receptors at the Fertilizer and Pesticide Storage 
Building. 

Residential Scenario 

The combined RME caiicer risks for the integrated child or aduh resident are 5 x 10"̂  for 
exposure to surface soil and 2 x 10"* for exposure to subsurface soil. Both are below the target 
cancer risk of 1 x 10"̂ . For noncancer effects, the combined RME His are 3 and 8 (surface and 
subsurface soil exposures, respectively for the child) and 0.4 and 2 (surface and subsurface soil 
exposures, respectively for ithe adult). Noncancer effects were segregated according to target organ. 
For the resident child, the medium TOHI for the central nervous system exceeds the target HI in 
subsurface soils. The following COCs were identified for residents at the Fertilizer and Pesticide 
Storage Building based on noncancer effects: 

• iron: surface soil ingestion HQ = 2 (child) 
surface soil dermal contact HQ = 0.1 (child) 
subsurface soil ingestion HQ = 4 (child) 
subsurface soil dermal contact HQ = 0.3 (child) 

• manganese: subsurface soil ingestion HQ = 0.6 (child) 
subsurface soil dermal contact HQ = 0.1 (child) 
subsurface soil inhalation HQ = 2 (child) 

6.4.4.28 TalladegaCreek 

Tlie pathways evaliiated for Talladega Creek are ingestion of and dermal contact with 
sediment and surface water, and ingestion of fish for recreational and residential receptors. The 
RME risk characterization summary for Talladega Creek is presented in Table 6-82. 

Recreational Scenario 

The combined RMIi cancer risk for the integrated child or adult receptor is I x IO"*, which 
falls below the target canctjr risk of 1 x lO"̂ . The combined RME His of 0.1 for the child and 
0.08 for the adult fall below the target HI of 1. Therefore, no COCs were identified for recreational 
receptors at Talladega Creek. 

Residential Scenario 

The combined RMEi cancer risk for the integrated child or adult resident is 5 x 10'̂ , which 
falls below the target canceir risk of 1 x lO^. The combined RME His of 0.5 for the resident child 
and 0.1 for the adult fall below the target HI of 1. No COCs were identified for residents at 
Talladega Creek. 
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Table 6-82. RME Risk Characterization Summary for Study Area TA (Current/Future and Future Land Uses) 
Talladega Creek, Aiabama Army Ammunition Plant, Childersburg, Alabama 

Medium EiposuiT 
Route 

Suiface Soil Ingestion 
(Oto<inBLS) Dermal Contact 

Inhalation 
Subtotal 

Subsurface Soil Ingestion 
(ItolOflBLS) Dennal Contact 

Inhalation 
Subtotal 

Sediment Ingeslion 
Dennal Contact 
Subtotal 

Surface Waler Ingestion 
Dermal Contact 
Sublotal 

Groundwater Ingestion 
Dermal Contact 
Inhalation 
Subtotal 

Rabbii Ingestion 
Subtotal 

Fish Ingestion 
Subtotal 

Cancer Risk 
Industrial Constnictloti Recreational 
Worker Worker Chiid 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA NA IE-06 B 
NA NA IE-07 B 
NA NA IE.06 B 

NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 

NA NA NA 
' NA NA • NA 

Surface Soli (0 to.^l ft BLS), Setliment, Surface Water, Groundwater, Rabbits, and Flsh 

Combined Hazard indei: 
Coinblned Cancer Risk: • j 

Subsurface Soil (1 to 10 ft BLS), Sediment, Surfac 

Cooibloed Hazard lodei: 
Combined Cancer Risk: 1 

NA 1 NA 1 IE-06 B | 

e Waler, Groundwater, Rabbits, and Fish 

NA 1 NA 1 IE-06 B | 

Aduit 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

IE-06 B 
IE-07 B 
IE-46 B 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

IE-06 B 

IE.06 B 

Residential 
CbUd 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

4E-06 
3E-07 
5E46 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 SE-06 

1 SE-06 

B 
B 
B 

B 

B 

Aduit 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

4E-06 B 
3E-07 B 
5E-06 B 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 SE-06 B 

1 SE-06 B 

Noncancer HI 
Industrial 
Worker 

NA 
-NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Construction 
Worker 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Recreational 
Child Adult 

NA NA 
NA NA. 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 

2E-02 B IE-02 B 
IE-02 B IE-02 B 
3E-02 B 3E-02 B 

NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA - NA 
NA ; NA 

NA NA 
NA NA 

8E-02 B ' 5E-02 B 
8E.02 B SE.02 B 

Residential 
ChUd 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

2E-0I 
4E-02 
3E-0I 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

2E-01 
2E-0I 

B 
B 
B 

B 
B 

Aduit 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

2E-02 B 
2E-02 B 
5E-02 B 

NA 
NA 
NA 

NA 
NA 
NA 
NA . 

NA 
NA 

SE-02 B 
SE-02 B 

NA 1 NA 1 IE-OI B 1 gE-02 B 1 SE-Ol B . | IE-OI B 1 

' . 

NA 1 NA 1 IE.OI B 1 gE-02 B 1 5E-01 B 1 IE-OI B 1 

r 

f t 

NA - paihway not evaluated or all detected chemicals eliminated as COPCs 
OE-KX) - pathway evaluated bul no risks could be calculated due to lack of EPA-approved toxicity values 
B - HI < I or ELCR < lO" 
E - Hi > I or ELCR > lO" 

r c c 



Human Health Risk Assessment 

6.4.4.29 Coosa River 

The pathways evaluated for the Coosa River are ingestion of and dennal contact with 
sediment and surface water for recreational and residential receptors. The RME risk 
characterization sunmiary for the Coosa River is presented in Table 6-83. 

Recreational Scenario 

The combined RME cancer risk for the integrated child or adult receptor is 2 x 10''', which 
falls below the target cancer risk of 1 x lo"*. The combined RME His of 0.008 for the child and 
0.006 for the adult fall below the target HI of 1. Therefore, no COCs were identified for 
recreational receptors at the Coosa River. 

Residential Scenario 

The combined RME cancer risk for the integrated child or adiilt resident is 6 x 10"', which 
falls below the target cancer risk of 1 x 10"̂ . The combined RME His of 0.05 for the resident child 
and 0.01 for the adult fall below the target HI of 1. Therefore, no COCs were identified for 
residents at the Coosa Riveir. 

6.4.4.30 (3rounclwater- Study Areas 16 and 19 

Expiosure to groundwater was evaluated only under the residential land use scenario. 
Residents were assumed to be exposed to groundwater through ingestion, dermal contact, and 
inhalation of volatile com]jounds. The RME risk characterization summary for groundwater at 
Study Areas 16 and 19 is presented in Table 6-84, and COCs for each pathway and receptor are 
listed in Tables 6-85 and 6-86. 

The maximum detected concentration of lead in groundwater at Study Areas 16 and 19 
exceeds the 15 |ig/L screening level (EPA 1995c). Therefore, models were used to estimate blood 
lead levels fin resident childi-en. 

Residential Scenario 

The combined RME cancer risk for the integrated child or adult receptor is 5 x 10', which 
exceeds the target cancer risk of 1 x lO"*. The combined RME His of 20 for the child and 10 for the 
adult exceed the target HI of 1. The 95* percentile mean blood lead concentration in the resident 
child exposed to groimdwater is 6 \ig/dL, which is below the CDC target of 10 ng/dL. The 
following C;OCs were identified in groundwater for residents at Study Areas 16 and 19 based on 
cancer and noncancer efTecis: 

• iron: groundwater ingestion HQ = 2 (child) 
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Table 6-83. RME Risk Characterization Summary for Study Area CO (Current/Future and Future Land Uses) 
Coosa River, Alabama Army Ammunition Plant, Cliiidersburg, Alabama 

Medium • Exposure 
Route 

Surface Soil Ingestion 
(0 to < 1 ft BLS) Dennal Contact 

Subtotal 

Subsurface Soil ingestion 
(1 to 10 ft BLS) Dennal Coniact 

Inhalation 
Subtotal 

Sediment Ingestion 
Dermal Coniact 
Subtotal 

Surface Water Ingeslion 
Dennal Contact 
Subtotal 

Groundwater Ingestion 
Dennal Conlaci 
Inhalaiion 
Subtotal 

Rabbit Ingestion 
Subtotal 

Fish Ingestion 
Subtotal 

Surface SoU (0 to < 1 ft BLS), Sediment, Surface 
Combined Bazard Index: 
Combined Cancer Risk: 

Subsurface SoU (1 to 10 fl BLS), Sediment, Surfa 
Combhied Hazard Index: . ' 
Combbied Cancer Risk: 

CancerRisk 
Industrial 
Worker 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Constmction 
Worker 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA • 

NA 
NA 
NA • 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Water, Groundwater, Rabbits 

NA 1 NA 1 

Recreatkinal 
ChUd Adult 

NA NA 
NA NA 
NA • NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 

7E-08 B 7E-08 
IE-07 B IE-07 
2 E ^ B 2B<I7 

3E-08 B 3E-08 
IE-08 B IE-08 
4E4S B 4E-08 

NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 

NA NA 
NA NA 

and Fish 

2E-07 B 1 2E-07 

ce Water, Groundwater, Rabbhs, and Fish 

NA 1 NA 1 2E-07 B 1 2E-07 

B 
B 
B 

B 
B 
B 

B 

B 

Resideniial 
ChUd 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

3E-07 B 
2E-07 B 
SE^7 B 

9E-08 B 
2E-08 B 
1E<7 B 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA • 

1 6E-07 B 

1 6E07 B 

Adult 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

3EW B 
2E-07 B 
5E )̂7 B 

9E-08 B 
2 E ^ B 
IBOT B 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

1 6&07 B 

1 6E-07 B 

Noncancer HI 
Industriai 
Worker 

NA 
NA 
NA 
NA. 

NA 
NA 
NA 
NA 

NA 
NA 

-NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA. 

Constructkin 
Worker 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Recreatkinal 
ChUd 

NA 
NA 
NA 
NA' 

NA 
NA 
NA 
NA 

4E-03 B 
4E-03 B 
8E43 B 

5E-04 B 
2E-04 B 
7e«4 B 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
. NA 

Aduh 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

2E-03 
3E-03 
6E-03 

7E-05 
2E-04 
2&04 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

B 
B 
B 

B 
B 
B 

Residential 
Child 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

4E-02 B 
IE-02 B 
5E^)2 B 

3E-03 B 
3E-04 B 
3E-03 B 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

AduU 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

4E-03 B 
6E-03 B 
1&02 B 

.l&<M B 
3E-04 B 
4 E ^ B 

NA 
NA 
NA 
NA 

NA . 
NA 

NA 
NA 

NA 1 NA 1 8E-03 B 1 6E-03 B 1 3E-02 B 1 •IE-02 B 1 

NA 1 NA 1 8E-03 B 1 6E-03 B 1 SE-02 B 1 IE-02 B 1 

gi 

f ) . 

I 

O 

2 

NA - pathway not evaluated or aU detected chemicals eliminated as COI>Cs 
OE+OO - pathway evaluated bul no risks could be cakulaied due to lack of EPA-approved toxcity values 
B - HI .S. I or ELCR s. iO' ' 
E-HI > I or ELCR > 10"* 

,r - c 
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Table 6-84. RME Risk Characterization Summary for Study Area GWA (Current/Future and Future Land Uses) 
Study Areas 16/19, Alabama Army Ammunition Plant, ChUdersburg, Alabama 

.»>-
^ 

> 
c 

O 
o 

Medium Exposure 

Route 

Surface Soil Ingestion 

(0 to < I ft BLS) Dennal Contact 

Inhalation 

Subtotal 

Subsurface Soil Ingeslion 

(1 lo 10 n BLS) Dennal Conlaci 

Inhalation 

Subtotal 

Scdimenl Ingestion 

Dermal Contact 

Sublotal 

Surface Water Ingeslion 

Dernial Contact 

Sublotal 

Groundwater Ingeslion 

Dennal Coniact 

hihalation 

Sublotal 

Rabbii Ingestion 
Subtotal 

Fish Ingestion 

Subtotal 

CancerRisk 

Industrial Construction Recreational 

Worker Worker ChUd Adult 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA . NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

Surface Son (0 to <1 ft BLS). Sediment, Surface Water, Groundwater, Rabbits, and Fish 

Combined Hazard Index: 

Combined Cancer Risk: 

Subsurface SoU (110 10 ft BLS), Sediment, Surfac 

Combined Hazard Index: 

Combined Cancer Risk: 

NA 1 NA 1 NA 1 NA 

e Water, Groundwater, Rabbits, and Flsh 

NA 1 NA 1 NA 1 NA 

Residential 

ChUd 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5E-03 E 

NA 

NA 

5E^)3 E 

NA 

NA 

NA 

NA 

1 SE-03 E 

1 5E-03 E 

Aduit 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5E-03 E 

NA 

NA 

St-OS E 

NA 

NA 

NA 

NA 

1 SE-03 E 

1 5E-03 E 

Noncancer H I 

Industrial 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Chuu Ai iu i i 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 
NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

Residential 

Chiid 

NA 

NA 

NA 

NA 

NA 

N.A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E+0I E 

NA 

NA 

2E+01 E 

NA 

NA 

NA 

NA 

Adult 

NA 

NA 

NA 

NA 

NA 

N.A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

lE+OI E 

NA 

NA 

IE+01 E 

NA 

NA 

NA 

NA 

NA 1 NA 1 NA 1 NA 1 2E+0I E lE+OI E 1 

NA 1 NA i NA 1 NA 1 2E+01 E IE+01 E 1 

N A • paihway nol evaluated or all detected chemicals eliminated as COPCs 

OE+OO - paihway evaluated but no risks could be calculaled due to lack of EPA-approved to.xicity values 

B - HI < 1 or ELCR < lO" 

E - HI > I or ELCR > i C 

I 
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Table 6-85. Summary of Receptor Risks and Hazards for COCs at Study Area GWA 
Reasonable Maximum Exposure 

Study Areas 16/19, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timcfhune: Futuie 
Receptor Poputattoo: Resident 
Receptor Age: Child 

Os 

00 

Medium 

Groundwater 

Ejcposure 

Medium 

GroundwalCT 

Exposure 

Point 

Study Areas 16/19 

—^——^̂ ^̂ — 

•• ChctnicftI 

Aluminum 

Iroo 

Manganese 

2,4.6-TrinitTOtolucnc 

2,4-OiiiilrotolueDc 

2,6-Dinitit)tolucnc 

2-Ainino-4,6-Dinitrotoluene 

1-Amino-2,6-Di[]itrotolucnc 

Pcnucit lorophenol 

RDX 

bis<2-Elhylhexyl)phlhiilate 

(Tolal) 

Ingestion 

I.626E-05 

0.0O47J 

5.I20E-06 

2.283E-06 

1.04 IE-05 

4.2I2E-06 

1.038E-06 

5.68 IE-06 

0.00480 

Carcinogenic Risk 

bhala l ion 

-

Dennal 

-

Exposute 

Roulcs Total 

.. 
--

1.626E-05 

0.00475 

5.I20E-06 

2.283E-06 

1.04 IE-OS 

4.2I2E-06 

1.038E-06 

5.68 IE-06 

O.OWSO 

Chemical 

Aluminum 

Iron 

Manganese 

2,4,6-Trinitrotolucne 

2,4-DinitTOtolucnc 

2,6-Dinitrotolucnc 

2-Amino.4,6-Dinitrotoluene 

4-Amino-2,6-Dimtrotoluene 

Penlachloiophcool 

RDX 

bis(2-Elhylhexyl)phlhalatt 

^o ta l ) 

Non-Carcinogcoic Hazard Quotient 

Primaiy 

Target Organ 

.. 
CNS 
liver 

CNS 

Ingestion 

2.19 

2.74 

4.66 

15 

.. 

25 

Inhalation D e m u l 

-- • 

Exposure 

Routes Total 

2.19 

2.74 

4.66 

15 

25 

3 
at 

>9 

a 

> 

K> 
O 
O 
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Table 6-86. Summary of Receptor Risks and Hazards for COCs at Study Area GWA 
Reasonable Maximum Exposure 

Study Areas 16/19, Alabama Army Ammunition Plant, Childersburg, Alabama 
ItSccnario Timeframe: Future 
([Receptor Population: Resident 
| |Rcccplor Age: Adult 

Medium 

Groundwater 

1 

Exposure 

Medium 

Groundwater 

Exposure 

Point 

Study Areas 16/19 

- — ^ • • ' 

Chemical 

Aluminum 

Iron 

Manganese 

2.4.6-Trinitroiol uene 

2.4-DinitTOtolucnc 

2,6-Dii] [trotoluene 

Z-Amitw-4.6-Di nitrotoluene 

t-Ami DO-2,6-Di nitrotoluene 

Pentachlorophenol 

RDX 

bis(2-Ethylhexyl)phihalatc 

[Tota]) 

Carcinogenic Risk 

Ingestion 

I.626E-05 

0.0(M75 

5.I20E-06 

2.283E-06 

1.04 IE-05 

4JI2E-06 

I.038E-06 

5.68 IE-06 

0.00480 

Inhalation 

--

--

Dermal 

• -

- - • 

Exposure 

Routes Total 

I.626E-05 

0.00475 

5.I20E-06 

2.283E-06 

1.04 IE-05 

4.212E-06 

I.038E-06 

5.681 E-06 

0.00)80 

Chemical 

Altuninum 

ton 

Manganese 

2,4,6-TriDitrotolucnc 

2.4-Dinitrotoluene 

2,6-Dininololuene 

2-Amino-4,6-DinitTorolucne 

4-Amino-2,6-Dinitrotoluene 

Pentachlorophenol 

RDX 

bis(2-Elhylhexyl)phthalatc 

(Total) 

Non-Carcinogenic Hazard Quotient 

ll 
Primary 

TarRetOrnan 

CNS 

liver 

CNS 

htgeslion 

1.18 

2.00 

6.44 

10 

Inhalation 

--

Dermal 

--

Exposure li 

Roulcs Tolal ll 

1 18 

2.00 

6.44 

10 1 

sO 

(a 

f i 

3 
a 
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Human HeaUh Risk Assessment 

manganese: groundwater ingestion HQ = 3 (child), 1 (adult) 

2,4,6-trinitrotoluene: groundwater ingestion cancer risk = 2 x 10'̂  
groundwater ingestion HQ = 5 (child), 2 (aduJt) 

2,4-dinitrotoluene: groundwater ingestion cancer risk = 5 x 10'̂  

groundwater ingestion HQ = 15 (cMd), 6 (adult) 

2-amino-4,6-dinitrotoluene: groundwater ingestion cancer risk = 2 x 10"̂  

4-amino-2,6-dinitrotoluene: groundwateringestioncancerrisk= 1 x lO"̂  

pentachlorophenol: groimdwateringestion cancer risk = 4 x 10"̂  

cyclotrimethylenetrinitramine: groundwater ingestion canciBrrisk= 1 x lO"* 

(RDX) 

bis(2-ethylhexyl)phthalate: groimdwater ingestion cancer risk = 6 x 10"̂  

2,6-dinitrotoluene: groundwater ingestion cancer risk= 5 x lO"̂  

6.4.4.31 Groundwater- Main industrial Area 

Exposure to groimdwater was evaluated only under the residential land use scenario. 
Residents were assumed to be exposed to groundwater through ingestion, dermal contact, and 
inhalation of volatile compounds. The RME risk characterization summary for groundwater at the 
Main Industrial Area is presented in Table 6-87, and COCs for each pathway and receptor are listed 
in Tables 6-88 and 6-89. 

The maximum detected concentration of lead in groundwater at the Main Industrial Area 
exceeds the 15 ^g/L screening level (EPA 1995c). Therefore, models were used to estimate blood 
lead levels in resident children. 

Residential Scenario 

The combined RME cancer risk for the integrated child or adult receptor is 2 x 10'', which 
exceeds the target cancer risk of 1 x lO"̂ . The combined RME His of 800 for the child and 300 for 
the adult exceed the target HI of 1. The 95* percentile mean blood lead concentration in the 
resident child exposed to groundwater is 39 ng/dL, which is above the CDC target of 10 ^ig/dL. 
The following COCs were identified in groundwater for residents at the Main Industrial Area based 
on cancer and noncancer effects: 

• arsenic: groundwater ingestion cancerrisk= 8 x 10'̂  
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Table 6-87. RME Risk Characterization Summary for Study Area GWB (Current/Future and Future Land Uses) 
Main Industrial Area, Alabama Army Ammunition Plant, Childersburg, Aiabama 

Ti 

O 
3 

Os 
I 

l . r i 

> 
eg 

ts>. o o 

Medium Eiposure 

Route 

Surface Soil Ingeslion 

(010 <1 ft BLS) Dermal Contact 

Inhalation 

Subtotal 

Subsurface Soil Ingeslion 

(1 to 10 ft BLS) Dermal Contact 

Inhalation 

Subtotal 

Sediment Ingestion 

Dermal Coniact 

Subtotal 

Surface Waler Ingestion 

Dermal Contact 

Subtotal 

Groundwater Ingestion 

Dermal Contact 

Inhalation 

Subtotal 

Rabbii Ingestion 

Subtotal 

Fish Ingeslion 

Subtotal 

Cancer Risk 

Industrial Construction Recreational 

Wuriurr Worker Child Adull 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA • NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

Surface Soil (0 to <1 fl BLS). Setliment. Surface Water, Groundwater, Rabbits, and Fish 

Combined Hazard Index: 

Combined Cancer Risk: 

Subsurface Soil (1 to 10 n BLS). Sediment, Surfac 

Combined Hazard Index: 

Combined Cancer Risk: 

NA 1 NA 1 NA 1 NA 

e Water, Groundwater, Rabbits, and Fish 

NA 1 NA 1 NA 1 NA 

Residential 

CbUd 

NA 
NA 
NA 
NA 

NA 
K l A 

NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

2E-01 E 

NA 
7E-06 B 

2E.0I E 

NA 
NA 

NA 
NA 

1 2E-0I E 

1 2E-01 E 

Adull 

NA 
NA 
NA 
NA 

NA 
n r t 

NA 
NA . • 

NA 
NA 
NA 

NA 
NA 
NA 

2E-01 E 

NA 
7E-06 B 

2E-0I E 

NA 
NA 

NA 
NA 

1 2E-0I E 

1 2E-01 E 

Industriai 

Worker 

NA 
NA 
NA 
NA 

'NA 

1 1 / ^ 

NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Construction 

Worker 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

NoRcancc rHI 
Recreational 

Child 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Adult 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

Residential 

Child 

NA 
NA 
NA 
NA 

NA • 

NA 

NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

8E+02 E 

NA 
IE-OI B 

8E+02 E 

NA 
NA 

NA 
NA 

Adull 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

3E-KI2 E 

NA 
6E-02 B 

3E-KI2 E 

NA 
NA 

NA 
NA 

NA 1 NA 1 NA 1 NA 1 8E+fl2 E 1 3E+02 E 1 

NA 1 NA 1 NA 1 NA 1 8E-K)2 E 1 3E+02 E 1 

NA - pathway not evaluated or all detecied chemicals eliminated as COPCs 

OE-KX) - pathway evaluated but no risks could be calculated due to lack of EPA-approved toxicity values 

B - HI < I or ELCR < lO" 

E - H I > l o r ELCR > lO" 

r 
>a 
IS-

'Ot 

I 
3 
a 
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Table 6-88. Summary of Receptor Risks and Hazards for COCs at Study Area GWB 
Reasonable Maximum Exposure 

Main Industrial Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario TimcOanie; Future 
Receptor Population: Resident 
Receptor Age: Child 

Os 

l / l 

to 

Medium 

Groundwater 

o 

Exposure 

Medittm 

Groundwater 

Air 

Exposure 

Poinl 

Main Industrial Atea 

Main Industrial Area 

Chemical 

Aluminum 

Antimony 

Anenic 

Barium 

Chromium, trivalent (assumed) 

Chromium, hexavalent (issumed) 

Coppcr 

Hexavalent Chromium 

Iron 

Manganese 

'Mercury 

Nickel 

Thallium 

IJ-Dinitrobcnzene 

2.4,6-TrinitrotoIuene 

2.4-Dinim)toluene 

2,6-Dinitrotolucne 

2-ArTiino-4,6-Dinitrololuene 

2-Methytaaphdialene 

4-Arruno-2,6-Dtiiitrototuene 

Dcnzo(a)pyrene 

Bcnzo(b)fluonuilhene 

Carbon Tetrachloride 

Chloroform 

N-Niuosodiphenylamine 

Niuobenzene 

Pentachlorophenol 

RDX 

Vinyl Chloride 

bis|2-Ethylhexyl)phthalate 

rrotal) 

2-Mcthylnaphthalenc 

ZsAxm Tetrachloride . 

Chloroform 

Nitrobenzene 

Vinyl Chloride 

ITotal) 

Carcinogenic Risk 

Ingestion 

8.I85E-05 

18S6E-05 

0.210 

7.266E-05 

8.I89E-06 

2.30IE-03 

4.343E-06 

I.629E-06 

1.429E-05 

I.S30E-O6 

3.829E-05 

I.369E-06 

0.210 

-. 
- • 

Inhalation 

.. 

- - ., 
5.925E-06 

5.925E-06 

Dermal 

.; 

Exposure 

Routes Total 

8.l8SE-a3 

2.8S6E-OS 

0.210 

7.266E-05 

8.I89E-06 

2.30IE-O3 

4.343E-06 

1.629E-06 

1.429E-05 

I.530E-06 

3.829E-OS 

I.369E-06 

0.210 

-. 

Chemical 

Aluminum 

Antimony 

Atscnic 

Barium 

Chfomium. trivalent (assumed) 

Chromium, hexavalent (assumed) 

Coppci 

Hexavalent Cluomium 

[ron 

Manganese 

Macury 

Nickel 

Thallium 

Vanadium 

IJ-Dinitrobenzcne 

2,4,6.Trinitrololuenc 

2,4-Dinim]U)luene 

2,6-Dinitrotoluene ' 
2-Aniino-4.6-Dioitrotoluene 

2-Mclhyblaphdialene 

t-Anitno-2.6-DiniDutoluene 

Qcnzo(n)pyrenc 

Benzo(b)nuonuilhene 

Cartxin Tetrachloride 

Chloroform 

N-Nitrosodiphenylamine 

Nitrobenzene 

Pentachlorophenol 

RDX 

Vinylchloride 

bis(2-Elhylhexyl)phthalaie 

(Total) 

2-Mcthylnaphthalcne 

Ctrlwn Tetrachloride 

5.925E-06 

5.925E-06 

Chloroform 

Niuobenzene 

Vinylchloride 

(Toni) 

Non-Carcinogenic Hazard Quotient . 1 

Primary 

Target Organ 

CTIS 

liver, blood 

liver 

CNS 
CNS. blood, kidney 

blood, kidney, liver 

--
.. 

Ingestion 

--

3.02 

2 5 3 

0.427 

8.18 

743 
0.459 

0.145 

0 1 0 2 

758 

... 
. . • 

•• 

Inhahttion 

--

Dermal Exposure I] 

Routes Total ] 

3.02 

2.53 

0.427 

8.18 

743 
0.459 

0.143 

0.102 

758 

- • 

- -

> 
e eg 

N> 
O o 

^ 

I 
Pa 

r 

f c c 



( c ( 

Ti 

B' 
to 

Ti 
ft 

O 

Table 6-89. Summary of Receptor Risks and Hazards for COCs at Study Area GWB 
Reasonable Maximum Exposure 

Main Industrial Area, Alabama Army Ammunition Piant, Childersburg, Alabama 
Scenario Timeframe: Funtie 
Receptor Population; Resident 
Receptor Age: Adult 

Os 

Ln 

Medium 

• 

Groundwaier 

• 

Exposure 

Medium 

Groundwater 

Air 

Exposure 

Poini 

Main Industrial Area 

Main Industrial Area 

Chemical 

Aluminum 

.*nU.T.cr.y 

Aisenic 

Barium 

Chromium, hexavalent (assumed) 

Copper 

Hexavalent Chromium 

iron 

Manganese 

Mercury 

Nickel 

Fhallium 

Vanadium 

IJ-Dini i ro ben zene 

2,'1,6-Trinitroioluene 

2.4-Di nitrotoluene 

2.6-OinitToiotuene 

2-Amino-4.6-Dinitrololuene 

2-Methylnaphthalene 

4-Amino-2.fr'Dinltrotoluene 

Benzo<a)pyrene 

Bcnzo(b)fluoranthcnc 

Carbon Tetrachloride 

Chloroform 

N-NtUo>odiphcny lamine 

Nitrobenzene 

Pentach lorophenol 

RDX 
Vinyl Chloride 

bls(2-Ethylhcxyl)phthalaic 

fTota!) 

2-Methylraiphthalene 

Carbon Tetrachloride 

Chlorororm 

Nitrobenzene 

Vinyl Chloride 

fToial) 

Carcinogenic Risk 

Ingestion 

.. 
--

8.I85E-05 

.-

.. . 

2.856E-05 

0.210 

7.266E-05 

8.I89E-06 

2.30 IE-05 

4.343E-06 

I.629E-06 

I.429E.05 

I.530E-06 

3.829E-05 

I.369E-06 

0.210 

--
-. 
- • 

--

Inhalation 

5.925E-06 

•5.925E-06 

Dermal 

--

--
--

--

--
--

--
.. 
.. 
--
--
--
--
--
--
--
--

Exposure 

Routes Total 

--
8.I85E-05 

.-

.. 

.-

--
.. 
.-

--
-. 

2.856E-OS 

0.210 

7.266E-05 

8.I89E-06 

-. 
2.30 IE-05 

4.343E-06 

I.629E-06 

-. 
.. 
-. 
.. 

I.429E-0S 

I.530E-06 

3.829E-fl5 

I.369E-06 

0.210 

--

S.925E-06 

5.925E-06 

Chemical 

Aluminum 

Anttmony 

Atscnic • 

Barium 

Chromium. tri\alenl (assutned) 

Chromium, hexavalent (assumed) 

Coppa 

Hexawlnit Chroinium 

Iron 

Manganese 

Mercuty 

Nickel 

rhallium 

Vanadium 

1.3-Dinitro benzene 

2,4.6-Trinitrotolucne 

2.4-Dinitrololuene 

2,6-Dinitrototucne 

2-Amino-4,6-Dinitrotoluene 

2-Mediylnaphdialene 

4-Amino-2j6'DinitrQlotuetie 

Bcnzo(a)pyrenc 

Benzo(b)fluofanthenc 

Cariion Tetrachloride 

Chlorofonn 

N-Nitrosodiphenylamine 

Niuobenzene 

Penachlorophenol 

RDX 
Vinyl Chloride 

bis(2-Elhylhexyl)phthalatc 

rrotal) 
2-Melhylnaphthalenc 

Carbon Tetrachloride 

Chloroform 

Nitrobenzene 

Vinyl Chloride 

(Total) 

Non-Caicinogenic Hazard Quotient 

Primary 

Taiget Organ 

.. 

.-

-. 
CNS 

liver, blood 

liver 

CNS 
CNS. blood, kidney 

Ingestion 

lOK 

0.183 

3.51 

319 
0.197 

324 

Inhaialion 

. , 

-

Dennal Exposuie 

Routes Total 

--
--

1.08 

0 183 

351 
319 

. 0.197 

.-
-
-

-
-
-
-
-

• 

_ • _ 

324 1 
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Human HeaUh Risk Assessment 

iron: 

lead: 

manganese: 

thallium: 

2,4,6-trinitrotoluene: 

2,4-dinitrotoluene: 

2,6-dinitrotoluene: 

2-amino-4,6-dinitrotoluene: 

4-amino-2,6-dimtrotoluene: 

benzo(a)pyrene: 

benzo(b)fluoranthene: 

nitrobenzene: 

pentachlorophenol: 

RDX: 

vinyl chloride: 

groimdwater ingestion HQ = 3 (child) 

groundwater, 95"' percentile mean blood lead 
level = 39 ^g/dL 

groundwater ingestion HQ = 3 (child), 1 (adult) 

groundwater ingestion HQ = 0.4 (child), 0.2 (adult) 

groundwater ingestion cancer risk = 3 x 10'̂  
groundwater ingestion HQ = 8 (child), 4 (adult) 

groundwater ingestion cancer risk = 2 x 10"' 
groundwater ingestion HQ = 700 (child), 300 (adult) 

groundwater ingestion cancer risk = 7 x 10 
groundwater ingestion HQ = 0.5 (child),.0.2 (adult) 

groundwater ingestion cancer risk = 8 x 10"̂  

groundwater ingestion cancer risk = 2 x 10"̂  
groundwater ingestion HQ = 0.1 (child) 

groundwater ingestion cancer risk = 4 x 10"̂  

groimdwater ingestion cancer risk = 2 x 10"̂  

groundwater ingestion HQ = 0.1 (child) 

groundwater ingestion cancer risk =1 x 10"̂  

groundwater ingestion cancer risk = 2x10"^ 

groundwater ingestion cancer risk = 4 x 10"̂  
groundwater dermal contact/inhalation cancer risk 
= 6 X 10"^ 

• bis(2-ethylhexyl)phthalate: groundwater ingestion cancerrisk= 1 x 10 

6.4.4.32 Groundwater-Blending/Shipping Area 

Exposure to groundwater was evaluated only under the residential land use scenario. 
Residents were assumed to be exposed to groundwater through ingestion, dermal contact, and 
inhalation of volatile compounds. The RME risk characterization summaiy for groundwater at the 
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Human Health Risk Assessment 

Blending/Shipping Area is presented in Table 6-90, and COCs for each pathway and receptor are 
V ^ listed in Tables 6-91 and 6-92. 

The maximum detected concentration of lead in groundwater at the Blending/Shipping Area 
exceeds the 15 ^g/L screening level (EPA 1995c). Therefore, models were used to estimate blood 
lead levels in resident childlren. 

Residential Scenario 

The combined RME cancer risk for the integrated child or adult receptor is 5 x 10'̂ , which 
exceeds the target cancer risk of 1 x lO^. The combined RME His of 400 for the child and 200 for 
the adult exceed the target HI of 1. The 95* percentile mean blood lead concentration in the 
resident child exposed to j;roundwater is 100 jig/dL, which is above the CDC target of 10 iig/dL. 
The following COCs were identified in groundwater for residents at the Blending/Shipping Area 
based on cjmcer and noncancer effects: 

J J 

o antimony: 

• arsenic: 

• lead: 

• manganese: 

• 2,4,6-trinitrotoluene: 

• 2,4-dinitrotoluene: 

• 2,6-dinitrotoluene: 

groundwater ingestion HQ = 0.1 (child) 

groundwater ingestion cancer risk = 4x10 1-5 

groundwater, 95* percentile mean blood lead level 
= 100 ^g/dL 

groundwater ingestion HQ = 0.8 (child), 0.4 (adult) 

groundwater ingestion cancer risk = 8 x 10 
groundwater ingestion HQ = 200 (child), 100 (adult) 

,-2 groundwater ingestion cancer risk = 5 x 10 
groundwater ingestion HQ = 100 (child), 60 (adult) 

groundwater ingestion cancer risk = 3 x 10 
groundwater ingestion HQ = 2 (child), 0.8 (adult) 

• 2-amino-4,6-dinitrotoluene: groundwateringestioncancerrisk = 5 x 10 
groundwater ingestion HQ = 0.1 (child) 

• 4-amino-2,6-dinitrotoluene: groundwater ingestion cancer risk = 4 x 10 

,-5-

-5 

groundwater ingestion HQ = 0.3 (child), 0.1 (adult) 

V ^ 

Final Rl Report 6-155 August 2001 



Table 6-90. RME Risk Characterization Summary for Study Area GWC (Current/Future and Future Land Uses) 
Blending/Shipping Areas, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium . Eiposure 

Route 

Surface Soil Ingestion 

(0 to < 1 ft BLS) Dennal Contact 

Inhalation 

Subtotal 

Subsurface Soil Ingeslion 

( I (0 10 n BLS) Oeimal Conlaci 

Inhalation 

Subtotal 

Sedimem Ingeslion 

Dermal Contact 

Subtolal 

Surface Water Ingestion 

Dermal Contaci 

Subtotal 

Groundwater Ingestion 

Dermal Coniact 

Inhalation 

Subtotal 

Rabbii ln|estion 
Subtolal 

Fish Ingestion 
Subtotal 

Cancer Risk 

Industriai ConstrucUon Recreational 

Worker Worker CbUd 

NA NA NA 

NA NA . NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

Suiface Soil (0 to < l ft BLS), Sediment, Surface Water, Groundwater, Rabbits, and Fish 

Combined Hazard Inde i : 

Combined Cancer Risk: 

Subsurface Soil (1 lo 10 ft BLS), Sediment, Surfac 

Combined Hazard Indc i : 

Combined Cancer Risk: 1 

NA 1 NA 1 NA 

c Water, Groundwater, Rabbits, and Hsb 

NA 1 NA 1 NA 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 NA 

1 NA 

Residential 

CbUd 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5E-02 E 

NA 

7E-07 B 

5E4I2 E 

NA 

NA 

NA 

NA 

1 5E-02 E 

1 JE-02 E 

AduK 

NA 

NA 

NA . 

NA, 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5E-02 E 

NA 

7E-07 B 

5E-02 E 

NA 

NA 

NA 

NA 

1 5E-02 E 

1 5E-02 E 

Noncancer H I 

Industriai 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA ' 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Child 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA -

NA 

NA 

NA 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Residential 

ChUd 

NA 

NA 

N A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4E+02 E 

NA 

4E-02 B 

4E-t̂ 02 E 

NA 

NA 

NA 

. NA-

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2E-H)2 E 

NA 

2E-02 B 

2E+02 E 

NA 

NA 

NA 

- NA 

NA 1 NA 1 NA 1 NA 1 4E-K)2 E 1 2E'KI2 E 1 

NA 1 NA 1 NA 1 NA 1 4E-K)2 E 1 2E-K)2 E 1 

?> 

Pa 
5-

0) 

a 

NA - pathway not evaluated or all detected chemicals eliminated as COPCs 

OE-KXI - paihway evaluated bul no risks could be calculaled due to lack of EPA-approved toxicity values 

B - HI < I or ELCR < lO" 

E - H I > ) o r E L C R > I O ' ' 

c c c 
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Table 6-91. Summary of Receptor Risks and Hazards for COCs at Study Area GWC 
Reasonable IVIaximum Exposure 

Blending/Shipping Areas, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Titneftame: Futuiv 
Receptor Population: Resident 
Receptor Age: Child 

Ov 

Ln 

Medium Exposure 

Medium 

Groundwater 

Air 

Enpoairc 

Poim 

Blending/Shipping Areas 

Blending/Shipping Areas 

Chcnucil 

Aluminum 

Anrimnnv 

Arsenic 

Barium 

Chmmhim. hexavalent (assumed) 

Coppcr 

Iron 

Manganese 

Vanadium 

1.3-Dinttroberueiic 

2,4,6-Triniiio tohiene 

2.4-Dinitrololuene 

2,6-Dinitrotoluenc 

2 -A mino-4,6- Dinitrotoluene 

4-A mino- 2.6- D initrotolucnc 

Carbon Tetrachloride 

rhiorofonn 

bis< 1 - Ethy Ihcxy I)phth3latc 

(Total) 

Cartwn Tetrachloride 

Chlorofomi 

(Totat) 

Caiciitogenic Risk 

Ingestion 

3.772E^5 

0.000819 

0.0457 

0.000307 

4 641 E-03 

4.293E-05 

0.0469 

lohalation Demal 

-

Exposure 

Routes Total 

3.772E-05 

0.000819 

0.M57 

0.000307 

4.641E-0S 

4.293E-05 

0.0469 

--

Chemical 

Aluminum 

*r'i.Teny 

Aisenic 

Barium 

Chromium, trivaleni (assumed) 

(Hiromium, hexavalent (assumed) 

Copper 

Iron 

Miuigancic 

Vanadium 

1,3-Dinitrobenzene 

2.4,6-Trinitrotoluene 

2,4-Dinitrotoluene 

2,6-Dtnitroto)ucne 

2-Amiiw>-4.6-D initiotolueoc 

4< Amino- 2,6- D initrotoluene 

Carbon Tetrachloride 

Chloroform 

bis(2-Elhylhcxyl)phthBlatc 

(Total) 

Carton Tetrachloride 

IHiIoroform 

(Tot.1) 

Non-Carcinogenic Hazanl Quotient 

Priitiary 

Tar;gctOtian 

•ihsl:'—'y.t'--" 

-. 
--

CNS 

liver 
CNS 

CNS. blood, kidney 

Ingestion 

G.IS4 

0.8J8 

235 
148 
1.94 

0.147 

0.271 

--
386 

--

Inhabtion Demtal Exposure 

Routes Total 

cia; 

0.838 

235 
148 
1.94 

0.147 

0.271 

.-
386 

s 

> 

O -
o 
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Table 6-92. Summary of Receptor Risks and Hazards for COCs at Study Area GWC 
Reasonable IVIaximum Exposure 

Blending/Shipping Areas, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe: Fuoire 
Receptor Population: Residem 
Receptor Age: Adull 

Os 

Ln 
00 

Medium 

Groundwater 

Exposure 

Medium 

Groundufoter 

Air 

Exposure 

Poim 

Blending/Shipping Areas 

1 

Blending/Shipping Areas 

Chemical 

Aluminum 

Anbmony 

Anenic 

Barium 

Chromium, trivalent (assumed) 

Chromium, hexavalent (assumed) 

Copper 

Iron 

Manganese 

Vaiudium 

1.3-Din) trobenzene 

2.4,6-Trinitroiohiene-

2,6-Dinitrotohicnc 

4-Arruno-2,6- Dinitrotoluene 

Carbon Tetrachloride 

Chlorofomi 

(Total) 

CaiboQ Tetrachloride 

Chlorofomi 

(Total) 

Carcinogenic Risk 

Ingestion 

3.772E.05 

0.000819 

0.0457 

0.000307 

4.64 IE-05 

4.293E^5 

"' 

0.0469 

--

Inhaialion 

.. 

' 

Demiai 

- • 

Exposure 

Routes Total 

3.772E-05 

0.000819 

0.0457 

0.000307 

4.64 IE-05 

4.2ME-05 

0.(M69 

Chemical 

Ahtminum 

Antimony 

Aisenic 

Barium 

Chromium, hexavalent (asamied) 

Copper 

Inn 

Manganese 

Vanadium 

I.3-Dtnim)beozcnc 

2.4,6-Tiinitrotohjene 

2.4-Dinitrotohienc 

2.6-Dinitrotolucoe 

2-Amino-4,6-Dinitrotolucne 

4-Amino-2AOiBitro(oluene 

Caibon Tetrachloride 

Chlorofonn 

bis(2-Ethy Ihexy l)phthalatc 

(Tool) 

Cvbon Tetrachtoride 

Chlorofonn 

(Total) 

Non-Catrinugcnic Hazard Quolient 

Priltury 

TarRet Organ 

CNS 

- - liver -

CNS 

CNS. blood, kidney 

Ingestion 

0.359 

IOI 

63 

0.832 

0.116 

165 

• ; ; 

Inhalation 

•-

Demtal 

-• 

Exposure 1 

Routes Toul 1 

0.359 

•IOI 

63 

: 0832 

.. 
0.116 

165 

r 
a 

85-

> 
c 

O 
O 
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Human Health Risk Assessment 

W^ 

6.4.4.33 Groundwater - Smokeless Powder Area 

Exposure to grouadwater was evaluated only under the residential land use scenario. 
Residents were assumed to be exposed to groundwater through ingestion, dennal contact, and 
inhalation of volatile compounds. The RME risk characterization summary for groimdwater at the 
Smokeless Powder Area is presented in Table 6-93, and COCs for each pathway and receptor are 
listed in Tables 6-94 and 6-95. 

The maximum detected concentration of lead in groundwater at the Smokeless Powder Area 
exceeds the 15 ng/L screening level (EPA 1995c). Therefore, models were used to estimate blood 
lead levels in resident childiren. 

Residential Scenario 

The combined RME cancer risk for the integrated child or adult receptor is 3 x 10"̂ , which 
exceeds the target cancer risk of 1 x lO"̂ . The combined RME His of 100 for the child and 60 for 
the adult exceed the target HI of 1. The 95* percentile mean blood lead concentration in the 
resident child exposed to jp-oundwater is 18 îg/dL, which is above the CDC target of 10 jig/dL. 
The foUowing COCs were identified in groundwater for residents at the Smokeless Powder Area 
based on ctincer and noncancer effects: 

• arsenic: groundwater ingestion cancer risk = 7 x 10"̂  

• iron: groundwater ingestion HQ = 6 (child), 2 (adult) 

• lead: groundwater, 95'*' percentile mean blood lead level = 18 
Mg/dL 

• manganese: groundwater ingestion HQ = 2 (child), 1 (adult) 

• thallium; groundwater ingestion HQ = 0.5 (child), 0.2 (adult) 

• 2,4,6-trinitrotohiene: groundwater ingestion cancer risk = 5 x 10" 
groundwater ingestion HQ = 15 (child), 6 (adult) 

• 2,4-dinitrotoluene: groundwater ingestion cancer risk = 3 x 10' 
groundwater ingestion HQ = 100 (child), 50 (adult) 

• 2,6-dinitrotoluene: groundwater ingestion cancer risk = 7x10 
groundwater ingestion HQ = 5 (child), 2 (adult) 

• 2-amino-4,6-dinitrotoluene: groundwater ingestion cancer risk = 3 x 10 

• bis(2-ethyIhexyl)phthalate: groundwater ingestion cancer risk = 3x10 
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Table 6-93. RME Risk Characterization Summary for Study Area GWD (Current/Future and Future Land Uses) 
Smokeless Powder Area, Alabama Army Ammunition Plant, Childersburg, Alabama 

Medium Exposure 
Route 

Surface Soil Ingeslion 

(010 < l ft BLS) Dermal Contact 

Inhatation 

Subtotal 

Subsurface Soil Ingestion 

(1 to 10 ft BLS) Dennal Contact 

Inhalation 

Subtotal 

Sediment Ingestion 

Demiai Contact 

Subtotal 

Surface Water ingestion 

Dermal Conuct 

Subtotal 

Groundwater Ingestion 

Dermal Contaci 

Inhalation 

Subtotal 

Rabbii Ingestion 

Subtotal 

Fish Ingestion 

Subtolal 

CancerRisk 

Industrial Construction Recreational 

Worker Worker Child Adult 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

N A . NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

Surface Soil (0 to <1 ft BLS), Sediment, Surface Water, Groundwater, Rabbits, and Flsh 

. Combined Hazard Indc i : 

Combined Cancer Risk: | 

Subsurface Soil (1 lo 10 ft BLS), Sedlmeiit, Surfao 

Combined Hazard Index: 

Combined Cancer Rislt: | 

NA 1 NA 1 NA 1 NA 

c Water, Groundwater, Rabbits, and Fisb 

NA 1 NA 1 NA 1 NA 

Residential 

ChUd 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3E-02 E 

NA 

4E-07 B 

3E-0J E 

NA 

NA 

NA 

NA 

1 3E.02 E 

1 3E-02 E 

Adult 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA" 

NA 

NA 

NA 

NA 

NA 

3E-02 E 

NA 

4E-07 B 

3E-02 E 

NA 

NA 

NA 

NA 

1 3E-02 E 

1 3E-02 E 

. 

Noncancer H I 

Industrial 

Worker 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Construction 
Worker 

NA 

NA 

NA 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Recreational 

Chiid 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Adult 

NA 

NA 

. NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

. NA 

Residential 

ChUd 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

IE+02 E 

NA 

NA 

IE+02 E 

NA 

NA 

NA 

NA 

Adult 

NA 

NA 

NA 

NA

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

6E+0I E 

NA 

NA 

6E+fll E 

NA 

NA 

NA 

NA 

NA 1 NA 1 NA 1 NA 1 lEHQ E 1 6E+01 E 1 

• . . . , • 

NA 1 NA 1 NA 1 NA 1 IE+02 E 1 6E+0I E 1 

a 

Pa 
G-

NA - paihway not evaluated or all detected chemicals eliminated as COPCs 

OE+OO - paihway evaluated bul no risks could be calculaled due lo laclc of EPA-approved toxicily values 
B - HI < 1 or ELCR < lO" 

E - H I > l o r E L C R > 1 0 ' ' 

( c c 
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Scenario Timeframe: Fumre 
Receptor Population; Resident 
Receptor Age: Chiid 

Table 6-94. Summary of Receptor Rislts and Hazards for COCs at Study Area GWD 
Reasonable Maximum Exposure 

Smokeless Powder Area, Alabama Army Ammunition Plant, Childersburg, Alabama 

I 

Os 
I 

OS 

Medium 

Groundwater 

Exposure 

Medium 

Groundwater 

Ait 

Exposure 

Point 

Smokeless Powder Area 

Smokeless Powder A r a 

Chemical 

Aluminum 

Arsenic 

Chromium, trivilent (issumed) 

Chromium, hexavalent (issuined) 

Hexavalent Chromium 

Iron 

Manganese 

Mercury 

Nickel 

fhallium 

Vanadiiim 

2,4-DinitTOIoluene 

2,fi-DinitT0toltKne 

2-Amino-4,6-Dinitrotoluene 

Chlorofomi 

bis(2-Ethylhciyl)phthalile 

ITotal) 

Chlorororm 

iToul) 

Carcinogenic 

ingestion 

• l i i t F M 

.. 

5257E-05 

0.0329 

0.000149 

2.il30E-0<i 

2.653E-06 

0.0337 

Inhalation 

3.M0E-O7 

3.640E-07 

Risk 

Dennal [ Exposure 

Routes Too l 

•1 IA2£Jt€ 

--

.-

.. 

.-
5.257E-05 

00329 

0.000749 

2il30E-06 

.. 
2.6S3E-06 

0.0337 

3.640E-07 

3.640E-07 

Chemical 

Aluminum 

,*--:=:ic 

Chromium, trivalcni (assumed) 

Chromium, hexavalent (assumed) 

Hexavalent Chromium 

Iron 

Manganese 

McTctirv 

Nickel 

Thallium 

Vanadium 

2.4,6'Trinitrotolucnc 

2,6-Dinimiloluenc 

2-Amino-4.6-Dinitrotoluene 

Chloroform 

bis|2Elhylhcxyl)phlhalate 
(Total) 

Chloroform 

(Total) 

Non-Clrcinogcnic Hazard Quotieni 

Primary 

Target Organ 

.. 

.-

.. 
CNS 

--
.. 

liver, blood 

liver 

CNS 

CNS. blood, kidney 

.. 

Ingeslion 

-• 

5.81 

2.23 

0506 

IS 

106 

4.74 

.. 

.-
134 

Inhalation Dennal 

.. 

Expoiure 1 

Routes Total 1 

.. 

S.U 

2.23 

,. "-
0.506 

IS 

106 

4 74 

.. 

.. 
134 

--

s 
a a 

Ik 

a 
3 

> 
c 

to o o 
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Table 6-95. Summary of Receptor Risks and Hazards for COCs at Study Area GWD 
Reasonable Maximum Exposure 

Smokeless Powder Area, Alabama Army Ammunition Plant, Childersburg, Alabama 
Scenario Timeframe: Future 
Receptor Population: Resident 
Receptor Age: Aduh 

ON 

ON 

to 

1—^^ 
jl Medium 

Groundwiier 

Exposure 

Medium 

Groundwater 

Air 

Exposure 

Poinl 

Smokeless Powder Area 

Smokeless Powder Area 

Chcmicil 

Aluminum 

Arsenic 

Chromium, trivilcnl (issumed) 

Chromiura hcxivalcnt (assumed) 

Hexivalcni Chromium 

Iron 

Manganese 

Mercury 

Nickel 

Titanium 

Vinadium 

2.4,6-Trinitrotoluenc 

2.4-Oin(trotofuene 

2.6-Dinitrotoluene 

2-AiTiino-4,6-Di nitrotoluene 

Chlorororm 

bis(2-Ethylhexyl)phthalaie 

(Total) 

Oilorororm 

[Total) 

Carcinogenic Risk 

Ingestion 

7.442E-0S 

' ' 

5.2S7E-05 

- 0.0329 

0.000749 

2.830E-06 

2.653E-06 

0.0337 

--

Inhalation 

--

Demiai Exposute 

Routes Total 

7.442E-0S 

Chemical 

Aluminum 

Anenic 

llChtomium. trivalent (assumed) 

Chromium, hexavalent (assumed) 

.Hexavalent Chronuum 

Iron 

HMangancsc 

iMercury 

Nickel 

[Thallium 

h/aoadium 

5.257E-05 

. 0.0J29 

0000749 

2.830E-O6 

2.653E-06 

0.0337 

-. 
--

2.4,6-Trinitrololuene 

2.4-Dinitnl(oluene 

2-Amino-4.6-Dinitrotolucne 

Chloroform 

bi](2-Ethylhciyl)phlhalate 

ITotal) 
Chloroform 

(To»l) 

Non-Caicinogcnic Hazard Quotieni 1 

Primary 

Target Organ 

CNS 

liver, blood 

liver 

. CNS 

CNS. blood, kidney 

Ingestion 

2.49 

0.9S7 

0217 

646 . 

2.03 

Inhalation Dermal 

• 

Exposure 

Routes Tou l 

2.49 

0.957 

0.217 

6.46 

45 

2.03 

.,-

r 
a 

a 
3 

> 
I 
» 
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Human Health Risk Assessment 
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6.5 UNCERTAINTY 

Uncertainty is inherent in the selection of key input parameters and in every step ofthe risk 
assessment process. The results of risk assessment may be understood only in light of the 
assumptions and methods used in the evaluation. The sources of imcertainty in the baseline human 
health risk assessment and the relative influence of these sources on the risk assessment results are 
discussed in the following subsections and summarized in Table 6-96. In keeping with EPA 
guidance (EPA 1989a), ttie table is a qualitative (order of magnitude) assessment incorporating 
simple relative influences of principal sources of uncertainty on the overall results of risk 
assessment. 

6.5,1 Analytical Date 

Uncertainty will always surround estimates of enviroimiental concentrations at waste sites. 
Uncertainty in the analytical data may be linked to sample density and distribution, collection 
procedures in the field, seasonal fluctuations, and accuracy ofthe sample anedyses. 

Procedures relating to sample collection were established to reduce uncertainty surrounding 
sample results. Standard QA/QC measures (e.g., proper decontamination of equipment and 
collection of trip blanks, field blanks, and matrix spike/matrix spike duplicates [MS/MSDs]) were 
followed to reduce uncertainty associated with the analytical data. The uncertainty associated with 
sample collection procedures has the potential for either over or underestimating risks to receptors. 

Uncertainty also may be introduced at the laboratory. Standardized procedures are followed 
by the laboratory to reduce this uncertainty. For example, these procedures include the \ise of 
surrogate spikes to monitor chemical recovery, intemal standards to monitor instrument sensitivity, 
and laboralory blanks to. detennine if laboratory preparation has introduced contamination to the 
sample. Ttiese measures are explained in the data quality assessment (Appendix I). 

Instances may arisi; in which the detection limits for certain chemicals are above their 
RBCs. Therefore, there is imcertainty regarding the potential health effects ofthese chemicals when 
detected below their detection limits but above the RBCs. When chemicals are detected below their 
detection limits, the concentration is flagged as estimated because the concentration may not be 
accurate (due to instrument limitations). There is no consistent direction to the bias (i.e., the 
reported concentration may underestimate or overestimate the actual concentration). 

One surface water and one sediment sample were collected fi'om an area of ponded drainage 
at Study Area 16. In lieu of additional data, risks were calculated for the one sample to determine if 
the observed chemical concentrations pose adverse health effects to human receptors. However, it 
is important to recognize that there are significant limitations in using one sample to characterize the 
nature and extent of contamination (ifany is present) or the average exposure point concentration to 
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Human Health Risk Assessment 

Table 6-96. Qualitative Uncertainty Estimates 
Alabama Army AmmunitioD Plant, Childersburg, Alabama ^ 

jm-mim'i^Mm'm0m^^ 
fii§^i^^mi^i:iimtn^^ 
•::::-i-'i i i i i i - ^ •'.•':'. ii---':-^ii-'-' ^^'••••^'''''i^'\i'vv.-'.i'i>"^ii:f^-
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; :;PotOTtialfpri.^ 
' uinderestimiBting 
'JmMskllJil'il 

; Potoitia] for oyer or ^ 
;: imderestimatiiig risk 

Enviromnental Sampling and Analysis 

Samples collected are representative of 
contamination (e.g., sufficient density and 
distribution) 

Precision and accuracy of chemical analysis 
Low 

Medium 

Exposure Assessment 

Likelihood of exposure scenarios occurring 

Contact, uptake, and absorption rates are 
representative of exposed populations 

Models accurately predict movements and 
concentrations of contaminants 

Assumption that chemicals do not transform 
or degrade over time 

Medium 

Low to Medium 

Low 

• -

Low 

Toxicity assessment 

Use of EPA-verified RfDs and cancer slope 
factors 

Quantitative evaluation that is not 
performed for chemicals which do not have 
EPA-verified toxicity values 

Use of GI absorption factors to adjust oral 
administered toxicity values for evaluation 
of dennal contact pathway 

Use of equivalency factors for PAHs 

Medium 

Medium 

Medium 

Medium 

Risk Characterization 

Likelihood that receptors under evaluation 
are actually at risk 

Assumption of additivity of toxic effects 

Medium 

Medium 
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Human Health Risk Assessment 

which human receptors are exposed:- Use of limited data sets could result in underestimates or 
overestimates of hazard or risk. Nevertheless, the analysis was conducted to provide some degree 
of evidence regarding the significance ofthe observed sample data. 

6.5.2 Exposure Assessment 

The following types of uncertainty have been identified regarding the exposure assessment: 

• Scenario Uncertainty—Missing or incomplete information needed to define the 
exposure scenario or pathway 

• Model Uncertainty—Inability to quantify all assumptions in model variables 

• Parameter Uncertainty—Inadequate information to quantify an exposure variable or 
parameter. 

Scenario uncertainty arises when pathways were not included in, or were eliminated fix)m, 
the assessment. The pathways that were included in the human health risk assessment and 
corresponding rationale aie presented in Section 6.2.2. A fiiture residential scenario has been 
evaluated fbr ALAAP. Residential conversion of Area B is unlikely because the Araiy has selected 
the industiial scenario as the fiiture reuse (USAEC 1995b). Therefore, the inclusion of the 
residential scenario is most likely conservative. 

Asj;umptions aboul: the fiiture land uses are speculative. In attempting to predict fiiture 
exposures, assumptions must be made conceming contaminant fate and transport, fiiture site 
activities, imd receptor behavior. In particular, it was conservatively assumed that contaminant 
concentrations will be the same in the fiiture as at present. 

Model uncertainty may arise in cases where site-specific sample data are unavailable to 
confirm the model. For example, the LEAD 0.99d biokinetic model was used to predict blood lead 
levels in children. Without high-quality blood samples fi'om children, it is impossible to verify that 
the LEAD 0.99d model accurately predicts uptake of lead into children. 

Parameter uncertainty results partly because many ofthe exposure parameters (i.e., exposure 
factors) used in the risk assessment are default values recommended by EPA. These default 
parameters, which are generally conservative, do not necessarily reflect actual behavior and have 
been used in the absence pl'site-specific information. 

The exposure fi-equency for ingestion offish is 120 days per year. This is a reasonable value 
based on general study data because site-specific values were not available. The fi:action ingested 
(FI) term was assumed to be one, indicating that all fish consumed by a receptor is from Area B. 
Assuming an FI of one is a conservative assumption because it is likely that the majority of fish 
consumed by a receptor comes fi-om sources other than Area B (i.e., a grocery store, fishing fi'om 
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other water bodies). At Area B, the upper portions ofthe ditches are dry for three to six months of 
the year and support only small fish due to the small stream size. Although there is more water and \ } 
bigger fish present in the lower ditches, access is generally more difficult due to fallen debris, 
overgrowth, and snakes. The Beaver Ponds are perennial, but shrink during the dry months. 

I 

Exposure parameters are commonly treated as single point estimates and are used in the 
exposure equations to calculate a single estimate for exposure and risk. These parameters are 
usually not single values, but are averages, best estimates, or high-end estimates taken fi'om a range 
of values. For example, some individuals in a population may be more active than others and some 
may have greater body weights than others. 

A range of values that often can be represented by a distribution more accurately represents 
the exposure parameters. If distributions are used for the exposure parameters, the result is a 
distribution for the estimate of exposure. The distribution of the exposure estimate represents the 
variability of the exposures that may exist within an exposed population; in other words, some 
individuals are more highly exposed than others. 

Individual estimates within the variability distribution may be uncertain. For example, 
some of the exposure parameters used in the intake equation may be based on measurements that 
are inaccurate. Information gained by observation or through interviews may be biased or otherwise 
flawed. There also is uncertainty in the toxicity values used to estimate risk fofhumans, which are 
often extrapolated from the results of experiments that were conducted on animals. 

In current CERCLA-style risk assessments, three methods have emerged that are used in the 
analysis of uncertainty: qualitative discussions, multiple deterministic estimates, and continuous 
probabilistic estimates. Of these, the probabilistic approach has been used successfiilly to 
quantitatively distinguish between variability and uncertainty. 

Qualitative discussions are necessary to some degree in aU uncertainty analyses. In many 
cases, sole reliance on either a qualitative or a semi-quantitative approach provides risk managers 
with enough information to miake informed decisions. 

Multiple deterministic estimates are simply two or more point estimates that in conjunction 
define a range. This is the approach to uncertainty used in this risk assessment. When single point 
estimates are used, EPA specifies that the resulting risk estimate should be demonstrably 
conservative. This conservative estimate is the RME. CTE estimates have been presented along 
with the RME estimates. The CTE consists of average parameters, rather than the mixture of 
average and high end parameters used in the RME estimate. When viewed together, risk managers 
are given an indication that an RME estimate may or may not be adequately conservative. 

Probabilistic techniques are available for quantitatively assessing exposure parameters and 
their effect on exposure estimates. Probabilistic approaches produce a continuous range of exposure ^ 
(or risk) estimates for percentiles of the population of concem. For example, the risk for the 28th ' s j 
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percentile of the exposed population can be distinguished using a probabilistic simulation. 
Typically, there is no attempt to separate variability fi-om uncertainty when using these techniques. 

Recenfly, efforts have been made by risk assessors to account for the effect that variability 
and uncertainty may have on the fmal risk estimates. The methods consist of evaluating whether 
variability, uncertainty, or a combination ofthe two are most important in terms of effect on the risk 
estimates. If either variability or uncertainty dominate, the dominating component may be 
probabilistically analyzed for the effect on the risk estimates. If both variability and uncertainty are 
important they are statistically disaggregated from one another to evaluate the relative effect of 
each. In either case, conventional probabilistic simulations, such as Monte Carlo or Latin 
hypercube sampling, may be used. Probabilistic techniques are the most resource-intensive 
methods for dealing with imcertainty and were not used in this risk assessment. 

6.5.3 Toxicity Date 

Although EPA provides toxicity values that are point estimates, a significant amount of 
uncertainty surrounds these point estimates. Identification ofthe sources of this uncertainty enables 
the risk assessor to establish the degree of confidence associated with the toxicity measures. 

Uncertainty is inh«;rent within the toxicity assessment and is primarily due to differences in 
study design, species^ sex, routes of exposure, or dose-response relationships. A major source of 
uncertainty involves the use of toxicity values based on experimental studies that substantially differ 
from typical human exposure scenarios. The derivation of the toxicity values must take into 
accoimt such differences ais using dose-response infonnation from animal studies to predict effects 
in humans; using dose-response information from high-dose studies to predict adverse health eflects 
from low doses; using data from short-term studies to predict long-term (chronic) effects; and 
extrapolating from specific populations to general populations. 

The CSFs, in particular, are based on studies that may differ greatiy from realistic situations. 
Experimental cancer bioasisays typically expose animals to very high levels of chemicals (i.e., the 
maximum tolerated dose) for their entire lifetime. After the appropriate studies have been 
identified, the slope factor is calculated as the UCL95 of the slope ofthe dose-response curve. This 
introduces conservatism into the risk assessment. 

The derivation of RfDs generally involves the use of animal studies. Uncertainty factors 
ranging from I to 10,000 are incorporated mto the RfD to provide an extra level of public health 
protection. The factors usied depend on the type of study from which the value has been derived 
(e.g., animal or human, long-term or short-term). The scientific basis for this practice is somewhat 
uncertain. In general, high uncertainty factors are meant to bias the results conservatively so that 
exposures at the RfD level will not result in adverse health effects. 

Toxicity values ar(; not available from EPA for the dermal route. Therefore, oral toxicity 
values weie adjusted for tlie dermal pathway by using chemical-specific gastrointestinal absorption 
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factors to adjust the oral toxicity value from an administered value to an absorbed value. When 
adjusted to an absorbed value, the value may then appropriately be used to evaluate dermally 
absorbed doses. 

For some chemicals, chemical-specific gastrointestinal absorption factors are not available. 
In such cases, default absorption factors were used to evaluate the dermal pathway (EPA 1995c). 
This introduces uncertainty into the risk assessment that varies for different chemicals and could 
either over or underestimate risk. 

In addition, no adjustments were made for the medium of exposure (e.g., when the medium 
ofexposure at the study area differs from the medium ofexposure assumed by the laboratory study 
from which the toxicity value was derived). The uncertainty associated with using the absorbed 
dose toxicity values for the dennal pathway is moderate and the bias unknown. 

There are many chemicals for which no toxicity value exists and for which little information 
is available. Therefore, a quantitative risk estimate cannot be calculated for these chemicals. For 
example, many chemicals are not evaluated for the inhalation pathway because of limited 
inhalation-based toxicological information. The lack of toxicity information for some chemicals 
may contribute to the underestimation ofrisks. 

Toxicity values are not available for most ofthe PAH compounds. Only one carcinogenic 
PAH (benzo(a)pyrene) has a toxicity value for use in risk assessment. When evaluating exposure to 
PAHs, the approach used in the risk assessment was to relate the concentration of PAHs to that of 
benzo(a)pyrene. The factors used to relate the concentrations are called TEFs. This approach, 
although cunentiy under review by EPA, is based on scientific studies, and is thought to be more 
realistic than the altemative method of assuming that all carcinogenic PAHs have a toxicity 
equivalence factor equal to that of benzo(a)pyrene. 

Iron was identified as a COC at many of the Area B study areas. However, iron is not 
believed to be a toxicological concem at Area B. The HQ associated with iron is based on a 
provisional toxicity value issued by the NCEA. There is considerable uncertainty surrounding this 
toxicity value with a bias toward conservatism. The provisional toxicity value is based upon the 
documented toxicity of pharmaceutical iron supplements to young children. It is therefore uncertaiii 
in terms of its application to iron in environmental media. A measure ofthe level of significance of 
the iron cohcentrations at Area B is the FDA DV for iron of 18 mg per day. Using the exposure 
factors from the risk assessment, the DV is roughly comparable to a soil concentration of 
180,000 mg/kg for a 70 kg adult (see Appendix M for calculation). Almost all of the soil 
concentrations at Area B are well below this concentration. Note also that the daily value is a 
recommended daily amount of dietary iron for proper nutrition, not a toxic threshold. Therefore, 
concentrations above this concentration do not necessarily indicate adverse health effects. 
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6.5.4 Multiple Chemical Exposures 

Uncertainties in any phase of the risk analysis are reflected in the risk estimates. Some 
uncertainty is associated with the summation ofrisks and HQs for multiple chemical contaminants. 
As stated in RAGS (EPA 1989a), "The assumption of dose additivity ignores possible synergisms 
or antagonisms among chemicals, and assumes similarity in mechanisms of action and 
metabolism." 

Cancer and noncancer risks are summed in the risk characterization process (separately for 
carcinogens and noncarcinogens) to estimate potential risks associated with the simultaneous 
exposure to multiple chemicals. In the case of carcinogens, this approach gives chemicals that are 
probable human carcinogens (based on animal data or limited human data) the same weight as 
chemicals that are known human carcinogens. It also equally weighs CSFs derived from animal 
data with those derived from human data. Uncertainties in the combined risks also are compounded 
because RfDs and CSFs do not have equal accuracy or levels of confidence and are not based on the 
same severity of effect. Tiiese methods may over or underestimate the actual risk. 

For noncancer effects, ifthe pathway HI exceeds 1, chemicals are segregated according to 
which orgjm they target, and the pathway HI is recalculated. Chemicals contributing to TOHIs less 
than or equal to 1 are eliminated as COCs. This segregation contributes to the uncertainty inherent 
within the risk assessment results. Particularly, there is concem that where multiple chemical 
exposures are involved, this practice may underestimate hazards. Chemicals have been segregated 
according to the primary o]rgan(s) which they target. In some cases, there may be secondary organs 
that are targeted depending on the dose and circumstances surrounding the receptor's exposure. 

6.5.5 Central Tendency Exposure Estimates 

In .accordance with EPA Region IV guidance (EPA 1995c), risks were calculated for both 
RME and CTE risk scenarios. The CTE risk calculations and summary tables are presented in 
Appendix M and are summarized in this section. Table 6-97 presents the COCs identified using 
CTE exposure scenarios. T\ns table can be compared to the conesponding RME table (Table 6-98) 
and used to illustrate how COCs and study areas needing remediation under an RME scenario 
would differ if remediation were based on the CTE risks. 

6.6 SUMMARY 

Th<; purpose of the baseline human health risk assessment is to assess the potential for 
adverse health effects to humans resulting from contact witii contaminants identified at the study 
areas under investigation. [ The risk assessment provides a health-based rationale that, along witii 
other factoirs developed duiing tiie investigation, is used to decide whether or not and to what extent 
to remediate. 
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Table 6-97. COCs for CTE Risks at ALAAP, Area B 

Alabama Army Ammunition Plant, Childersburg, Alabama 

o 

Os 

o 

study Area 

2 - Smokeless Powder Facilily 

3 - Sanilary Landnil and Lead Facilily 

4 - Manhalian Project Area 

5 - Red Water Storage Basin 

6 - Southern TNT Manufacmring Area 

7 - Northem TNT Manufacluring Area 

8 - Acid/Organic Manufacturing Area 

8 - Test pits 

9 - Aniline Sludge Basin 

9 - Tar 

9 - Sediments beneath Ur 

10 East - Tetryl Manufacturing Area 

10 West - Tetryl Manufacturing Area 

16 - Flashing Ground 

17 - Propellant Shipping Area 

18 - Blending Tower Area 

19 - Lead Facility 

20 - Rifle Powder Finishing Area 

21 - Red Waler Ditch 

Medium 

soil 

soil 

soil 

soil 

soil 

soil 

sediment 

tar 

soil 

soil 

soil 

soil 

soil 

soil 

nsh 

Land Use 

Current/Future 

Industrial 

manganese 

Future 

RecreaUonal 

N-nitrosodiphenylamine 

arsenic 

Aroclor 1254 

Future . » 

ResidenUal 3 1 

arsenic 

manganese 

benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)nuoranthene 

dibenzo(a,h)anthracene 

2,4-dinitrotoluene 

indeno(l,2,3-cd)pyrene 

• 

lead 

manganese 

lead 

nungiiKse 

nickel 

iron 

lead 

N-nitrosodiphenylamine 

manganese 

manganese 

manganese 

arsenic 

Aroclor 1254 

X 

X • 

X 

X • 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Future ^ « 

ConstmcUon S S 

lead 

iron 

manganese 

X 

X 

X 

Exceedance 

of MCL' 

• 

3 
a 
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c 

to o o 

c c c 



> 
c 

c c 
B' 

Ti n 
•T3 
O 

Table 6-97. COCs for CTE Risks at ALAAP, Area B (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Os 
I 

Study Area 

22 - Demolition Landflll 

25 - Storage Battery/Demolition Debris 

26 - Crossover Ditch 

27 - Beaver Pond Drainage System 

Building 6 - Coke Oven 

Transformer Storage Building and 

Utility Poles 

Underground Slorage Tanks 

Gas Station 

Fertilizer and Pesticide Slorage 

Talladega Creek 

Coosa River 

Study Areas 16 and 19 

• 

Medium 

soil 

soil 

flsh 

soil 

soil 

soil 

soil 

groundwater 

Land Use 

'^urrfict'Future 

Industrial 

Ftztars 

Recreational Residential 1 S 

arsenic 

chromium, hexavalent 

benzo(a)anthracene 

. benzo(a)pyrene 

benzo(b)fluoranthene 

benzotk^fiuoranthene 

dibenzo<a,h)anthracene 

indeno(l,2,3-cd)pyrene 

mercury 

Aroclor 1254 

manganese 

manganese 

manganese 

2,4,6-tr initrotoluene 

2,4-dinilrotoluene 

4-amino-2,6-dinitrotoluene 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Future ^ « 

Construction 1 1 

arsenic 

benzo(a)anth racene 

benzo(a)pyrene 

benzo(b)nuoranthene 

benzo(k)fluoranthene 

dibenzo(a ,h)anthracene 

indeno(l ,2,3-cd)pyrene 

X 

Exceedance 

of MCL* 

lead 

pentachlorophenol 

bl$(2-ethylhexyl)phthalate 

s 
id 
ai 

55-

% 

O 
O 
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Table 6-97. COCs for CTE Risks at ALAAP, Area B (Contmued) 
Alabama Army Animunition Plant, Childersburg, Alabama 

> 
c 

Study Area 

Main Induslrial Area 

Blending/Shipping Area 

Smokeless Powder Area 

Medium 

groundwater 

groundwater 

groundwater 

Land Use 

Current/Future 

Industrial 

Future 

RecrcaUonal 

• • -

Future ^ « 

ResidenUal 1 g 

arsenic 

iron 

lead 

manganese 

thallium 

2,4,6-lrinilrotoluene 

2,4-dinitrotoluene 

2,6-dinitrotoluene 

2-amino-4,6-dlnilrotoluene 

4-amino-2,6-dintlrotoluene 

penlachlorophenol 

vinyl chloride 

arsenic -

lead 

manganese 

2,4,6-trinitrotoluene 

2,4-dinitrololuene 

2,6-dinitrotoluene 

2-amino-4,6-dinitrotoluene 

4-amlno-2,6-dinltrotoluene 

arsenic 

Iron 

lead 

manganese 

thallium . 

2,4,6-lrinitrotoluene 

2,4-dinitrototuene 

2,6-dinitrotoluene 

Future v B 

Construction g 8 

Exceedance 

of MCL" 

arsenic 

beryllium 

lead 

nickel 

carbon tetrachloride 

pentachlorophenol 

• vinylchloride 

bis(2-ethylhexyl)phthalate 

lead 

bis(2-elhyihexyl)phthalate 

lead 

nickel 

bis(2-ethylhexyl)phlhalale 

3 
a 

55-

S3 

i 
s 

2 I 'Includes bolh State and Federal MCLs 

c c c 
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Table 6-98. COCs for RME Risks at ALAAP, Area B 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Study Areu 

2 - Smokeless Powder Facility 

3 - Sanitary Landflll and Lead Facility 

4 - Manhattan Project Area 

5 - Red Waler Storage Basin 
6 - Southem TNT Manufacmring Area 

7 - Northem TNT Manufacmring Area 

8 - Acid/Organic Manufacmring Area 

8 - Tesl pits 

Mediiun 

soil 

soil 

soil 

soil 

soil 

soil 

Land Use 
Current/Future 

Industrial 

aisenic 

benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)nuoranthene 

benzo(k)nuoranthene 

dibenzo(a,h)3nthracene 

indeno( 1,2,3-cd)pyrene 

' 

Future 

RecreaUonal 

. arsenic 

benzo(a)anthracene . 
ben2o(a)pyrene 

benzo(b)fluoranlhene 

dibenzo(a. h)anthracene 

indeno( 1,2,3-cd)pyrene 

Future ^ « 

Residential 1 g 

arsenic 

chromium, hexavalent 
Iron 

manganese 
benzo(a)anlhracene 

benzo(a)pyrene 
benzo(b)fluoranthene 

benzo(k)nuoranthene 

dibenzo(a,h)anlluacene 

2,4-dinitrololuene 
indeno(l,2.3<d)pyrene 

arsenic 

iron 

manganese 
lead 

manganese 

2,4,6-trinitrotoluene 
arsenic 

iron 
lead 

manganese 
nickel 

benzo(a)antliracene 

benzo(a)pyrene 
benzo(b)fluoranthene 

dibenzo(a,h)antliracene 
indeno( 1,2,3-cd)pyrene 

antimony 

arsenic 

iron 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Future ^ n 
Coilstiiiction 1 1 

arsenic 

. benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)flu6ranthene 

dibenzo<a ,h)anthracetK 

indeno( 1.2,3-cd)pyrene 

lead 

nickel 

iron 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Exceedance 

of MCL* 

?= 
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Table 6-98. COCs for RME Risks at ALAAP, Area B (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Study Area 

9 - Aniline Sludge Basin 

9-Tar 

9 - Sediments beneaih tar 

10 East - Tetryl Manufacmring Area 

10 West - Tetryl Manufacmring Area 

16 - Flashing Ground 

17 - Propellant Shipping Area 

18 - Blending Tower Area 

19 - Lead Facility 

20 - Rifle Powder Finishing Area 

21 - Red Water Ditch 

Mediiun 

sediment 

tar 

soil 

soil 

soil 

soil 

soil 

soil 
flsh 

Land Use 

Current/Future 
Industrial 

manganese 

Futiire 

RecreaUonal 

N-niirosodipbenylamine 

arsenic 

Aroclor 12S4 

Future 

Residential 

iron 

iron 

lead 

N-nitrosodiphenylamine 

Iron 

manganese 
lead 

arsenic 

iron 

lead 

benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)fluoranthene . 

dibenzo(a,h)anttiracene 

indeno(l,2,3-cd)pyrene 

2,4,6-trinitrololuene 
arsenic 

iron 

manganese 
arsenic 

iron 

manganese 
arsenic 

iron 
arsenic 

Aioclor 1254 

II 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Future 

Conistnictlon 

manganese 

lead 

manganese 

i l 

X 

X 

X 

Exceedance 

of MCL* 

3 a a 
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a 
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Table 6-98. COCs for RME Risks at ALAAP, Area B (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Os 

Ln 

> 
C 

NJ 
. O o 

Stady .*res 

22 - Demolition l^andflll 

25 - Storage Baltery/Demolilion Debris 

26 - Crossover Ditch 

27 - Beaver Pond Drainage Syslem 

Building 6 - Coke Oven 

Transformer Storage Building and 

Ulilily Poles 

Underground Storage Tanks 

Gas Station 

Fertilizer and Pesticide Storage 

Talladega Creek 

Coosa River 

Mciiiiiiu 

soil 

soil 

flsh 

soil 

soil 

soil 

soil 

Land Use 

CujTcUi/Fuiure 

Industrial 

lead 

Aroclor 1248 

Aioclor 1254 

Aioclor 1260 

r u i u r e 

RecreaUonal 

... 

Future ^ « 

ResidenUal 1 S 

arsenic 

chromium, hexavalent 

iron 

lead 

manganese 

benzo(a)anl)u'acene 

benzo(a)pyrene 

benzo(b)nuoranthene 

benzo(g,h,i)perylene 

bcnzo(k)fluoranthene 

chiysene 

dibenzo(a,h)anlhracene 

indeno(l,2,3-cd)pyrene 

iron 

manganese 

mercury 

arsenic 

iron 

manganese 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

iron 

manganese 

iron 

manganese 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Future ^ jg 

Construction 3 S 

aisenic 

lead 

benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)nuoranthene 

benzo(k)fluoranthene 

dibenzo(a,h)anthracene 

lndeno(l ,2,3-cd)pyrene 

Aroclor 1254 

iron 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Exceedance 

of MCL* 

•' 

-f 

3 
a 

S3 

I 
a 



Table 6-98. COCs for RME Risks at ALAAP, Area B (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

o 

Os 

1 
tvJ o o 

study Area 

Areas 16 and 19 

Main Industrial Area 

Medium 

groundwater 

groundwater 

LandUse 

Current/Future 

Industrial 

Future 

Recreational 

Future ^ . « 

Residential 1 S 
iron 

manganese 

2,4,6-tiinitrotoluene 

2,4-dinitrololuene 
2,6-dinitrololuene 

2-amino-4,6-dinitrotoluene 

4-amino-2,6-dinitrotoluene 
pentachlorophenol 

RDX 

bis(2-ethylhexyl)phthalate 

arsenic 

iron 

' lead 

manganese 

thallium 

2,4,6-trinitrotoluene 

2,4-dinilrololuene 

2,6-dinitrotoluene 

2-amino-4,6-dinitrotoluene 
4-amino-2,6-dinitrotoluene 

benzo(a)pyiene 
benzo(b)nuoranthene 

nitrobenzene 

pentachlorophenol 

RDX 

vinyl chloride 

bis(2-ethylhexyl)phthalate 

Future ^ _g 
Construclion 1 S 

Exceedance 

of MCL* 

lead 

pentachlorophenol 

bis(2-ethylhexyl)phthalate 

arsenic 

beryllium 

lead 

nickel 

carbon tetrachloride 

pentachlorophenol 

vinyl chloride 
bis(2-elhylhexyl)phthalate 

3 
a 
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Table 6-98. COCs for RME Risks at ALAAP, Area B, (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

T) 
-S 
o 
i i. 

Os 

Study .Area • 

Blending/Shipping Area 

Smokeless Powder Area 

Mcdia.-

groundwaler 

gioundwater 

Land Use 

Cui-rcst/Fuiure 

Industrial 

Fuiui ' t ; 

Recreational 

Future ^ « 

Residential 1 S 
antimony 

arsenic 

lead 

manganese 
2,4,6-trinitrotoiuene 

2,4-dinitrotoluene 

2,6-dinitrotoluene 
2-amino-4,6-dinitrotoIuene 

4-amino-2,6-dinitrotoluene 

arsenic 

iron 

lead 

manganese 

thallium 

2,4,6-lrinltrololuene 

2,4-dinitrotoluene 

2.6-dinitrotoluene 
2-amino-4,6-diniirotolune 

bis(2-ethylhexyl)phthalale 

Future 

Construction 
b . tn Exceedance 

of MCL" 

lead 

bis(2-eihylliexyl)plilhalale 

lead ' 

nickel 

bls(2-ethylhexyl)phlhalaie 

Modified COCs (MCOCs) are COCs retained after the weight of evidence evaluation. 
'Includes both State and Federal MCLs 
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Human Health Risk Assessment 

Noncancer and cancer risks to humans were estimated for both current and fiiture land uses. 
The scenarios evaluated in the risk assessment are current and fiature industrial land use, fiature 
recreational land use, fiiture residential land use, and ftiture construction land use. The most likely 
fiature land lase of Area B is industrial, according to the Site Management Plan prepared by USAEC 
for ALAAP (USAEC 1995b). 

In the risk assessment, COCs are identified as chemicals that exceed EPA targets 
(Section 6.4.4) and chemicals tiiat exceed ARARs (Section 6.1.2). The COCs based on RME risks 
for Area B are presented in Table 6-98 according to land use and exposure unit. 

6.6.1 Current and Future Industrial Land Use 

Risks for soil exposure exceeded EPA targets (noncancer HI of 1, cancer risk of 1 x W^, 
blood lead level greater than the CDC guideline) at four study areas: Study Areas 2, 10-East, 22, 
and tiie Transformer Storage Building and Utility Poles. The COCs at these study areas include 
metals, PCBs, and PAHs. Siarface water, sediment, biota, and groimdwater exposures were not 
evaluated under the industrial land use scenario. 

6.6.2 Future Recreational Land Use 

Risks exceeded EPA targets (noncancer HI of 1, cancer risk of 1 x 10^, blood lead level 
greater than the CDC guideline) at three study areas: Study Areas 2 (soil), 9 (tar), and 21 (fish). 
The COCs at tiiese study areas include SVOCs, metals, and PCBs. Risks from exposure to surface 
water and sediment were below EPA targets. Groundwater exposures were not evaluated under the 
recreational land use scenario. 

6.6.3 Future Residential Land Use 

Risks exceeded EPA targets (noncancer HI of 1, cancer risk of 1 x 10^, blood lead level 
greater than the CDC guideline) at 18 study areas. The COCs at these study areas include 
explosives, metals, PCBs, and PAHs, as shown in Table 6-98. Risks from ingestion of fish tissue 
exceeded EPA targets at Study Areas 21 and 26. Risks from exposure to surface water and 
sediment were below EPA targets except for sediment at Study Area 9. Groundwater risks exceeded 
EPA targets for all exposure units. 

6.6.4 Future Construction Land Use 

Risks for soil exposure exceeded EPA targets (noncancer HI of 1, cancer risk of 1 x lo , 
blood lead level greater tiian the CDC guideline) at nine study areas: Shady Areas 2, 4, 8, 10, 16, 
17, 22, tiie Transformer Storage Building and Utility Poles, and tiie Fertilizer and Pesticide Storage 
Building. The COCs at these study areas include metals, PCBs, and PAHs. Surface water, 
sediment, biota, and groundwater exposures were not evaluated under tiie construction land use 
scenario. 
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Human Health Risk Assessment. 

6.6.5 Discussion of the COCs 

In soil and groundwater, explosives pose the risk of adverse health effects, with noncancer 
effwts dominating. Explosives ofthe type found at Area B are rapidly absorbed into the body. 
Much of what is known about the toxicity of tiiese chemicals is based on studies conducted in 
occupational settings with the explosives themselves, not on soils contaniinated with these 
chemicals. The soil at AL̂ VAP is likely to have a modifying effect on the toxicity ofthe explosives, 
and it may be reasonable to expect less toxicity when they are mixed with soil. The magnitude of 
the risks for the explosiv<;s nevertheless is a cause for concem. Oral and dermal contact with 
contaminated soil or groimdwater may result in adverse health effects ifthe potential for exposure is 
not restrict^, either by ren:iediation or by access restrictions. 

Lead was identified, as a problem in soil and in groundwater for both children and adults. A 
strong correlation exists between increasing uptake of lead with increasing soil concentrations. In 
general, lead toxicity tends to be more pronounced and serious in children than adults. Lead, 
however, is associated witli reproductive disorders and can accumulate in the body's bone tissue 
over time. These results suggest that there may be a need to minimize the potential for exposure to 
lead at Area B. 

PAHs (i.e., benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, and 
indeno(l,2,3-cd)pyrene) tyi)ically are byproducts of incomplete combustion. These substances are 
carcinogenic. Relatively high levels of PAHs could have originated from industrial processes or 
even more likely from the burning that occurred at ALAAP. During the 1980s, many ofthe wooden 
frame buildings were demolished using flame throwers to set fire to the buildings. Because Study 
Area 22 received demolition debris, partially bumed debris could account for the PAHs. The PAHs 
are COCs in soil, not in groundwater. This most likely reflects their low water solubility and high 
affinity for soil. Therefore, it is reasonable to expect that these PAHs are unlikely to become COCs 
in groundwater at ALAAP. 

PCBs (Aroclor-1248, Aroclor-1254, and Aroclor-1260) were identified as COCs in soils at 
tiie Transfoimer Storage Building and Utility Poles. PCBs are most likely related to tiie presence of 
electrical trEinsformers that were stored in the area, and presumably were leaking PCB-contaminated 
oil. The hecilth effect of concem for exposure to PCBs is cancer. The PCB contamination is limited 
to soils in tiiis study area. The hydrophobic and covalent binding properties of PCBs indicate tiiat 
migration to the groundwater at ALAAP is highly unlikely. 

6.7 REMIEDIAL GOAL OPTIONS BASED ON HUMAN HEALTH RISK 

After tiie identification of tiie COCs, human healtii remedial goal options (HHRGOs) were 
calculated. The HHRGOs are estimates of protective cleanup levels based on risk to human 
receptors, hi tiie FS, HHRGOs, ecological RGOs (based on risk to ecological receptors), and 
ARARs are all considered in tiie selection of tiie final cleanup levels. Remediation activity at tiie 
site will be cx)nducted to meet the final cleanup levels. 
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.Human Health Risk Assessment 

In accordance witii EPA Region VI guidance (EPA 1995c), HHRGOs were calculated for 
all COCs identified in the human health risk assessment (i.e., chemicals that exceed ARARs or 
contiibute to a patiiway that exceeds a hazard index of 1 or a cancer risk of 1 xlO^). The HHRGOs 
are not unique to a given study area. Rather, they are unique to a given receptor and medium. They 
take into consideration exposure from multiple pathways (the same pathways that are evaluated in 
the risk assessment). For example, a soil HHRGO takes into account risks fix)m soil ingestion, 
dennal contact witii soil, and inhalation of suspended soil particulates. 

EPA Region IV has provided guidance for deriving HHRGOs (EPA 1995c). They are 
calculated using an equation that is similar to the intake equation, setting the caiicer risk or 
noncancer HI to the appropriate target, and solving the equation for the concentration term. In 
accordance with EPA Region IV guidance, HHRGOs are calculated using noncancer target His of 
0.1, 1, and 3 and target cancer risks of 10"̂ , 10"^ and 10"̂ . Therefore, multiple HHRGOs are 
calculated for a given receptor and medium. These calculations use EPA-approved toxicity values 
and exposure assumptions from the risk assessment. The HHRGOs for Area B are presented in 
Tables 6-99 and 6-100. 
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Table 6-99. Remedial Coal Options: Soil (Ingestion, Dermal Contact, and Inhalation of Dust) 
Alabama Army Ammunition Plaiit, Childersburg, Alabama 

Chemical 

fNORGAN/CS (Mg/g) 

Antimony 

Arsenic 

Hexavalent Chromium 

Iron 

Uad . . 

Manganese 

Nickel 

ORG.1NICS (Mg/g) 

2,4,5-Trinitrotoluene 

2.4-Dinilrololuene 

Aroclor-1248 

ATOClor-1254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)nuoranthene 

Benzo(g,h,i)perylene 

Benzo(k)f1uoranthene 

Chiysene 

Dibenzo(a,h)anth racene 
liideno( 1,2,3-cd)pyrene 
N-Nilrosodiphenylamlne 

Target 
Hazard 
Index 

0.1 

O.I 

0.1 

0.! 

0.1 

0.1 

O.I 

O.I 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 
0.1 
0.1 

Industrial 
Worker 

12 

4 8 . 
77 

34,579 

No RfD/RfC" 

223 

2,859 

35 

173 

No RfD/RfC 

1.8 

No RfD/RfC 

1,293 

1,293 

1,293 

1,293 

1,293 

1,293 

1,293 
1,293 

No RfD/RfC 

Construction 
Worker 

5.3 

6.2 

37 

5,91 i 

No RfD/RfC" 

143 

408 

8.9 

37 

No RID/RfC 

0.80 

No RfD/RfC 

1,304 

1,304 

1,304 

1,304 

1,304 

1,304 

1,304 
1,304 

No RfD/RfC 

Noncarcinogenic EfTects 

Recreational 

Child 

43 

. 90 

288 

77,395 

No RfD/RfC 

995 

5,704 

98 

443 

No RfD/RfC 

4.5 

No RID/RfC 

4,243 

4,243 • 

4,243 

4,243 

4,243 

4,243 

4,243 
4,243 

No RfD/RfC 

Adult 

52 

134 

369 

110,553 

No RfD/RfC 

1,877 

8,413 

130 

607 

No RfD/RfC 

6.2 

No RfD/RIC 

5,340 

5.340 

5,340 

5,340 

5,340 

5,340 

5,340 
5,340 

No RfD/RfC 

Residential 

Child 

2.1 

2.3. 

14 

2,199 

-400* • 

40 

151. 

3.3. 

14 

No RfD/RfC 

0.14 

No RfD/RfC 

177 

177 

177 

177 

177 

177 

177 
177 

No RfD/RfC 

Adult 

10 

155 

63 

56,638 

4 0 0 " • 

167 

6,797 

38 

214 

No RfD/RfC 

2.3 

No RfD/RIC 

1,171 

1,171 

1,171 

1,171 

1,171 

1,171 

1,171 
1,171 

No RfD/RIC 

Carcinogenic EfTects 

Targel 

Cancer Risk 

IE-06 

IE-06 

IE-06 

IE-06 

IE-06 

IE-oe 
IE-06 

IE-06 

IE-06 

IE-06 

IE-06 

IE-06 

IE-06 

IE-06 

IE-06 

IE-06 

IE-06 

IE-06 

IE-06 
IE-06 
IE-06 

Industrial 
Worker 

No CSF 

2.7 

13 

No CSF 

No C S F " 

No CSF 

No CSF 

65 

3.6 

1.3 . 

1.3 

1.3 

1.7 

0.17 

1.7 

1.7 

17 

165 

0.17 
1.7 
207 

Construction 
Worker 

No CSF 

4.8 

135 

No CSF 

No C S F " 

No CSF 

No CSF 

207 

10 

3.3 . 

3.3 

3.3 

7.3 

0.73 

7.3 

7.3 

73 

734 

0.73 
7.3 

1,025 

Recreations! 
Integrated 

Child/Adult 

No CSF 

5.2 

77 

No CSF 

No CSF 

No CSF 

No CSF 

162 

8.3 

2.9 

2.9 

2.9 

4.7 

0.47 

4.7 

4.7 

47 

466 

0.47 
4.7 
605 

Rcsidc-.tial 
Integrated 

Child/Adult 

No CSF 

0.39 

5.1 

No CSF 

4 0 0 " 

No CSF 

No CSF 

15 

0.73 

0.25 

0.25 

0.25 

0.49 

0.05 

0.49 

0.5 

4.9 

49 

0.05 
0.49 
66 

1= 
s 
a 

I 
a 

Subchronic RfDs are used for the contruclion worker. In lieu of a subchronic RID, the chronic RfD is substituted. 

'The human heallh RGO for cancer effects for dinitrotoluene is calculaled using a cancer slope factor for a mixture of 2,4- and 2,6-dinitrotoluene. An EPA-approved slope factor is not available for either compound 

individually, 

" F o r lead in soil, the residential RGO is the soil screening level (EPA 1994a). RGOs for the workers will be presented in the Feasibility Study. 



Table 6-99. Remedial Goal Options: Soil (Ingestion, Dermal Contact, and Inhalation of Dust) (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Chemical 

INORGANICS (pg/g) 

Aniimony 

Arsenic 

Hexavalent Chromium 

Iron 

Lead 

Manganese 

Nickel 

ORGANICS (Mg/g) 

2,4,6-Trinilrololuene 

2,4-Dinitrotoluene 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fl uoranthene 

Benzo(g,h,i)perylene 

Benzo(k)nuoranlhene 

Chrysene 
Dibenzo(a,h)anthracene 
lndeno( 1,2,3-cd)pyrene 
N-Nitrosodiphenylamine 

Target 
Hazard Industrial 
Index Worker 

I 120 

1 , 478 

1 773 

I 345,789 

1 No RfD/RfC" 

1 2,225 

I 28,595 

1 348 

1 1,729 

1 No RfD/RIC 

1 18 

1 No RfD/RfC 

I 12,931 

I 12,931 

1 12,931 

'1 12,931 

1 12,931 

1 12,931 
1 12,931 
I 12,931 
1 No RfD/RfC 

Construction 
Worker 

53 

62 

366 

59,113 

No RfD/RfC" 

1,431 

4,076 

89 

373 

No RfD/RfC 

8.0 

No RfD/RfC 

13,041 

13,041 

13,041 

13,041 

13,041 

13,041 
13,041 
13,041 

No RlD/RfC 

Noncarcinogenic Effects 

Recreational 

Child 

431 

896 

2,883 

773,953 

No RfD/RfC 

9,952 

57,039 

976 

4,432 

No RfD/RfC 

45 

No RfD/RfC 

42,431 

42,431 

42,431 

42.431 

42,431 

42,431 
42,431 
42,431 

No RID/RfC 

Adult 

524 

1,343 

3,689 

1,105,529 

No RfD/RfC 

18,774 

84,128 

1,299 

6,075 

No RfD/RfC 

62 

No RfD/RfC 

53,397 

53,397 

53,397 

53,397 

53,397 

53,397 
53,397 
53,397 

No RfD/RfC 

Residential 

Child 

21 

23 

137 

21,991 

4 0 0 " 

403 

1,508 

33 

140 

No RID/RfC 

1.4 

No RfD/RfC 

1,772 

1,772 . 

1,772 

1,772 

1,772 

1,772 
1,772 
1,772 

No RfD/RfC 

Adull 

101 

1.548 

632 

566,379 

4 0 0 " 

1,665 

67,966 

378 

2,140 

No RfD/RfC 

23 

Nb RfD/RfC 

11,705 

11,705 

11,705 

11,705 

11,705 

11,705 
11,705 
11,705 

No RfD/RIC 

Carcinogenic Efiecis 

Targel 

Cancer Risk 

IE-05 

IE-OS 

IE-05 

IE-OS 

IE-05 

IE-OS 

IE-05 

IE-05 

, IE-05 

IE-05 

IE-OS 

IE-05 

IE-05 

IE-05 

IE-05 

lE-0i5 

IE-05 

IE-05 
IE-05 
IE-05 
IE-05 

Industrial 
Worker 

No CSF 

27 

129 

No CSF 

No C S F " 

No CSF 

No CSF 

650 

36 

13 

13 

13 

17 

1.7 

17 

17 

165 

1,652 
1.7. 
17 

2,071 

Construclion 
Worker 

No CSF 

48 

1,346 

No CSF 

No C S F " 

No CSF 

No CSF 

2,068 

96 

33 

33 

33 

73 

7.3 

73 

73 

734 

7,342 
7.3 
73 

10,253 

Recreational 
Integrated 

Child/Adult 

No CSF 

52 

773 

No CSF 

No CSF 

No CSF 

No CSF 

1,625 

83 

'.29 

29 

29 

47 

4.7 

47 

47 

466 

4,663 
4.7 

. 47 
6,046 

Residential 
Integrated 

Child/Adult 

No CSF 

3.9 

51 

No CSF 

4 0 0 " 

No CSF 

No CSF 

ISl 

7.3 

2.5 

2.5 

•2.5 

4.9 

0.49 

4.9 

4.9 

49 

489 
0.49 . 
4.9 
659 

3 
a 

i 
3 

Subchronic RfDs are used for the contruclion worker. In lieu ofa subchronic RfD, the chronic RfD is substituted. 

•The human health RGO for cancer effects for dinitrotoluene is calculated using a cancer slope factor for a mixture of 2,4- and 2,6-dinitrotoluene. An EPA-approved slope factor is nol .available for either compound 

individually. 

"For lead in soil, the residential RGO is the soil screening level (EPA 1994a). RGOs for the workers will be presented in Ihe Feasibilily Study. 

( ' c c 



Table 6-99. Remedial Goal Options: Soil (Ingestion, Dermal Contact, and Inhalation of Dust) (Continued) 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Chemical 

INORGANICS (Mg/g) 
Aniimony. 

Arsenic 

Hexavalent Chromium 

Iron 

Lead 

Manganese 

Nickel 

ORGANICS (Mg/g) 

2.4,6-Tririiirotoluene 

2,4-Dinilrotoluene 

Aroclor-1248, 

Aroclor-1254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fl uoranihene 

Benzo(g,h,i)perylene 

Benzo(k)nuoranlhene 

Chrysene 
Dibenzo(a,h)anlhracene 

liideiiu(l,2,3-cd)pytene 

N-Nitrosodiphenvlamine 

Targel 
Hazard Industrial 
Index Worker 

3 361 

3 1,434 

3 2,319 

3 l,C37,juo 

3 No RfD/RfC" 

3 6,676 

J 85,784 

3 1,045 

3 5,186 

3 No RfD/RfC 

3 54 

3 No RfD/RfC 

3 38,794 

3 38,794 

3 38,794 

3 38,794 

3 38,794 

3 38,794 
3 38,794 

3 . 38,794 

3 No RID/RfC 

Construction 
Worker 

159 

186 

1,098 

177,559 

NoRID/RfC** 

4,294 

12,228 

266 

1,118 

No RfD/RIC 

24 

No RfD/RfC 

39,124 

39,124 

39,124 

39,124 

39,124 

39,124 
39,124 

39,124 

No RfD/RfC 

Noncarcinogenic Effects 

Recreational 

Child 

1,292 

2,688 

8,648 

2,321,859 

No RfD/RfC 

29,857 

171,116 

2,927 

13,296 

No RID/RfC 

135 

No RID/RfC 

127,294 

127,294 

127,294 

127,294 

127,294 

127,294 
127,294 

127,294 

No RfD/RIC 

Adult 

1,572 

4,029 

11,068 

3,316,587 

No RfD/RfC 

56,322 

252,384 

3,897 

18,224 

No RfD/RfC 

186 

No RfD/RfC 

160,190 

160,190 

160,190 

160,190 

160,190 

160,190 
160,190 

- 160,190 

No RfD/RIC 

R^sid 

Child 

62 

69 

410 

65,972.7 

4 0 0 " 

1,210 

4.524 

100 

420 

No RfD/RfC 

4.2 

No RfD/RfC 

5,316 

5,316 

5,316 

5,316 

5,316 

5,316 
5,316 

5,316 

No RfD/RfC 

tnliai 

Adult 

302 

4,644 

1,895 

1,699,138 

400* • 

4,995 

203,897 

1,133 

6.419 

No RfD/RIC 

68 

No RfD/RIC 

35,116 

35,116 

35,116 

35,116 

35,116 

35,116 
35,116 

35,116 

No RfD/RfC 

Carcinogenic EfTects 

Target 

Cancer Risk 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 

IE-04 
IE-04 

IE-04 

IE-04 

Industrial 
Worker 

No CSF 

274 

1,293 

No CSF 

No C S F " 

No CSF 

No CSF 

6,504 

356 

125 

125 

125 

165 

17 

165 

165 

1,652 

16,517 
17 

165 

20,709 

Construction 
Worker 

No CSF 

476 

13,464 

No CSF 

No C S F " 

No CSF 

No CSF 

20,676 

959 

329 

329 

329 

734 

73 

734 

734 

7,342 

73,422 
73 

734 

102,528 

Kecreationai 
Integrated 

Child/Adult 

No CSF 

523 

7.726 

No CSF 

No CSF 

No CSF 

No CSF 

16,248 

829 

288 

288 

288 

466 

47 

466 

466 

4,663 

46.631 
47 

466 

60,457 

Residential 
Integrated 

Child/Adult 

No CSF 

39 

5!3 

No CSF 

400* • 

No CSF 

No CSF 

1,513 

73 

25 

25 

25 

49 

4.9 

49 

49 

489 

4,890 
4.9-

49 

6,592 

Subchronic RfDs arc used for the contruclion worker. In lieu of a subchronic RfD, the chronic RfD is subslituted. 

*The human health RGO for cancer effects for dinitrotoluene is calculated using a cancer slope factor for a mixture of 2,4- and 2,6-dinitrotoluene. An EPA-approved slope factor is not available for either compound 

individually. 

•TFor lead In soil, the residential RGO Is the soil screening level (EPA 1994a). RGOs forlhe workers will be presented in the Feasibility Study. 



Human Health Risk Assessment 

Table 6-100. Remedial Goal Options: Groundwater 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Ingestion Exposure 

Chemical 

INORGANICS (ytilVi . 
Antimony 
Arsenic 
Iron 
Lead 
Manganese 
Thallium 

.ORGANICS (MgO-) 
2-Amino-4,6-Dinitit)tolucne 
4-Amino-2,6-Diniux)toIuenc 
Benzo<a)pyrene 
Bcnzo(b)f1uoranthene 
bis(2-Elhylhexyl)phthBlate 
2,4-Dinitrotoluene 
2,6-Dinitioiolucne 
Nitrobenzene 
Pentachlorophenol 
RDX 
2,4,6-Trinitrotolucne 
Vinyl chloride 

INORGANICS (Mg/L) 
Antimony 
Arsenic 
Iron 
Lead 
Manganese 
IThallium 

ORGANICS (Mg/L) 
2-Amino-4,6-Dinitrotoluene 
4-Amino-2,6-Dinitrotoluene 
Benzo(a)pyrene 
Bcnzo(b)nuoranthene 
bis(2-Elhylhexyl)phthalale 
2,4-Dinitrotoluene 
2,6-Dinitrotoiuene 
Nitrobenzene 
Pentachlorophenol 
RDX 
2,4,6-Trinitrotoluene 
Vinyl chloride 

INORGANICS (MgiT.) 
Antimony ,: 
Arsenic 
Iron 
Lead 
Manganese 
Thallium 

ORGANICS (Mg/L) 
2-Amino-4.6-Dinitrotoluene 
4-Amino-2,6-Dinilrotoluene 
Ben2o{B)pynne 
Benzofblfluoranthene 
bis(2-Elhylhexyl)phthalale 
2,4-Dinitrotolucne 
2,6-Dinitrotoluene 
Nitrobenzene 
Pentochlorophenol 
RDX 
2,4,6-Trinilrotolucne 
Vtnyl chloride 

Toxicity values are not available in IRIS or HEASI 

Targel 
Hazard 
Index 

O.I 
O.I 
0.1 
O.I 
O.I 
O.I 

0.1 
O.I 
O.I 
O.I 
O.t 
O.I 
0.1 
O.I 
O.I 
O.I 
0.1 
0.1 

Noncaicinogenic Effects 
Future Land Use Scenarios 

Residential 
Child ' Adult 

0.63 1.5 
0.47 1.1 
469 1.095 
15* 15* 
38 88 

0.13 0.29 

3.1 7.3 
1.6 , 3.7 
47 110 
47 110 
31 73 
3.1 7.3 
1.6 3.7 

. 0.78 1.8 
47 no 
4.7 11 • 
0.78 1.8 
2.6 4.7 

6.3 15 
4.7 11 

4,693 10,950 
15* 15* 
375 876 
1.3 2.9 

31 73 
16 37 

469 1,095 
469 1,095 
313 730 
31 73 
16 37 
7.8 18 
469 1,095 
47 110 
7.8 18 
20 47 

19 44 
14 33 

14,079 32,850 
15' . I5« 

1,126 2,628 
4 9 

94 219 
47 110 

1.408 3,285 
1,408 3.285 
939 2.190 
94 219 

47 no 
23 55 

1,408 3,285 
141 329 
23 55 
61 142 

for 2-Amino-4,6-dinitrotoluenc or 4-Amino-2.6-dinitrotolucnc. Tl 

Target 
Cancer 
Risk 

IE-06 
IE-06 
IE-06 
IE-06 
lE-«« 
IE-06 

lE-46 
IE-06 
IE-06 
IE-06 
IE-06 
IE-06 
IE-06 
IE-06 
IE-06 
IE-06 
IE-06 
IE-06 

IE-05 
IE-05 
IE-OS 
IE-OS 
IE-OS 
IE-05 

IE-OS 
IE-05 
IE-OS 
IE-05 
IE-05 
IE-OS 
IE-OS 
IE4S 
1E-«S 
IE-OS 
IE-OS 
IE-OS 

IE-04 
IE-04 
IE-04 
IE-04 
IE-04 
lE-«4 

IE-04 
1E.04 
IE-04 
IE-04 
IE-04 
IE-04 
IE-04 
1E-<M 
IE-04 
IE-04 
IE-04 
IE-04 

e toxicily values for 

Carcinogenic Effects 
Future Land Use Scenarios 

Residential 
Inlegraicd Child/Adult 

No CSF 
0.04 

No CSF 
15-

No CSF 
No CSF 

0.10 
0.10 
0.01 
0.09 
4.8 
0.10 
0.10 

No CSF 
0.56 
0.61 
2.2 

0.04 

No CSF 
0.45 

No CSF 
15" 

No CSF 
No CSF 

0.99 
0.99 
0.09 
0.92 
48 

0.99 
0.99 

No CSF 
5.6 
6.1 
22 

0.35 

No CSF 
4.5 

No CSF 
15* 

No CSF 
No CSF 

9.9 
9.9 

0.92 
9.2 
480 
9.9 
9.9 

No CSF 
56 
61 
224 
3.5 

2,4-Dinitrotoluene 
and 2,6-DinitrDtoluene, respectively, have been used as surrogates. In addition, the human health RGO for cancer eflects is calculated using a cancer slope 
factor for a mixture of 2,4- and 2,6-Dini trotoluene. An EPA-approved slope faclors ts not available for either compound individuaily. 

*Thc RGO for lead in groundwater is the EPA action level in dnnking water (EPA l99Sc). 
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7. SCREENING AND BASELINE ECOLOGICAL RISK ASSESSMENT 

Ecological risk assessment (ERA) defines the likelihood of harmfiil effects on plants and 
animals and their habitats as a result ofexposure fi-om chemicals. A screening ERA (SERA) for the 
study areas at the Alabama Army Ammunition Plant (ALAAP) was conducted by Science 
Applications Intemational Corporation (SAIC) to evaluate the risk to plants, animals, and the 
envirorunent from current and fiiture exposure to contamination at the ALAAP study areas. A 
baseline ERA (BERA) was conducted on the screened ERA study areas. In addition, bioassays 
were conducted concurrently. 

Thie initial regulatory guidance for the ERA is contained in the U.S. Environmental 
Protection Agency's (EPA) Risk Assessment Guidance for Superfund (RAGS), Volume II, 
Environmental Evaluation Manual (EPA 1989g) and subsequent documents (EPA 1991, 1992b). 
Further discussion on the scientific basis for assessing ecological effects and risk is presented in 
Ecological Assessments of Hazardous Waste Sites: A Field and Laboratory Reference Document 
(EPA 1989b). Other early 1990s guidance is provided in the Framework for Ecological Risk 
Assessment (EPA 1992a). A second generation of guidance consists ofthe Procedural Guidance 
for Ecological Risk Assessments at U.S. Army Sites (Wentsel et al. 1994), and its replacement, the 
Tri-Service Procedural Guidelines for Ecological Risk Assessments (Wentsel et al. 1996). The 
newly published Ecological Risk As.sessment Guidance (EPA 1997) siipercedes RAGS, Volume II 
(EPA 1989g). This latter guidance makes the distinction between the interrelated roles of screening 
and BERAs. Briefly, SERAs use conservative assumptions for exposures and effects, while BERAs 
use more realistic (and generally less conservative) exposures and effects. Last, Guidelines for 
Ecological Assessment (EPA 1998) supercedes the Framework for Ecological Risk Assessment 
(EPA 1992a). 

Th<;se documents clo not provide a detailed step-by-step approach to ERAs. Instead, they 
discuss an overall approach to considering ecological effects and identifying sources of information 
necessary to perform ERAs. Thus, professional knowledge and experience are essential to 
compensate for this lack cf specific guidance and established methods. A team of risk scientists 
provides this professional experience. 

7.1 SCOPE AND OBJECTIVES 

Th<; scope ofthe ERA is to characterize potential risk to plant and animal populations at the 
ALAAP study areas. The ERA assesses the risk to ecological receptors, including both terrestiial 
and aquatic species. Unlilce the human health risk assessment, which focuses on individuals, the 
ERA focuses primarily on populations or groups of interbreeding individuals. The ERA process 
always addresses individuals if they are protected underthe Endangered Species Act (ESA). 

The objective of the ERA is to assess the potential for harmful effects on ecological 
receptors due to exposure to chemicals. Chemicals present at concentrations above background are 
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Ecological Risk Assessment 

called chemicals exceeding backgroimd (CEBs). When it has been demonstrated in the SERA that 
CEBs may cause risk, they are called chemicals of potential ecological concem (COPECs). 
COPECs are fiuther analyzed in a BERA. Those COPECs remaining at tiie end of the BERA are 
called chemicals of concem (COCs). At each exposure unit, the ERA examines both the direct and 
indirect effects of COPECs and COCs on ecological receptors. 

Analytical results from various environmental media are compiled first in Appendbc K and 
later in Appendix O to yield quantitative estimates ofexposure to ecological receptors. Estimates of 
exposure to ecological receptors were used to assess hazard or risk potential of a CEB at the 
ALAAP study areas. This was done for the most important pathways and included soil, sediment, 
and surface water. Benchmark concentrations (concentrations below which there are no 
unacceptable adverse effects) of CEBs obtained from published literature serve as toxicity 
thresholds. In additioii, food chain effects and toxicity reference values for terrestrial food chains 
are important aspects ofthe scope. The ratio ofthe exposure concentration (or dose) to the toxicity 
threshold concentration or the toxicity reference value results in a risk quotient. A risk quotient is 
calculated for each CEB and each receptor. Each risk quotient is compared to the number in the 
decision rule associated witii each assessment endpoint (defmed in Section 7.3.5). This number 
represents a pre-established goal for an ecological resource. It is expressed as a ratio to detennine 
whether or not the risk quotient exceeds the decision rule or the assessment endpoint. If the risk 
quotient exceeds the decision rule, a feasibility study (FS) and even exposure unit remediation may 
be required to protect the ecological receptors. Uncertainties in the measured, estimated, and 
calculated concentrations on the final characterization of risk at ALAAP study areas are discussed 
qualitatively (Section 7.8). 

7.2 PROCEDURAL FRAMEWORK 

According to the Framework for Ecological Risk Assessment (EPA 1992a), the ERA 
process consists of three interrelated phases: problem formulation, analysis (composed of exposiu'e 
assessment and ecological effects assessment), and risk characterization. In conducting the ERA for 
the study areas at ALAAP, these three phases were completed by performing the following four 
interrelated steps: 

Problem Formulation (Step 1)—Problem formulation establishes the^goals, breadth, and 
focus ofthe ERA and provides a preliminary characterization ofchemical stressors (chemicals that 
restrict growth and reproduction or otherwise disturb the balance of ecological populations and 
systems) present in the various habitats at the ALAAP study areas. The problem formulation step 
also includes a preliminary characterization of the components, especiaUy the receptor species, iii 
the ecosystem likely to be at risk. In addition, problem formulation also includes the selection of 
assessment and measurement endpoints as a basis for developing a conceptual model of stressors, 
components, and effects. The procedures for determining COPECs are selected in this step 
(Section 7.3). 
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Ecological Risk Assessment 

Exposure Assessment (Step 2)—Exposure assessment evaluates the exposures of ecological 
receptors to chemical and physical stressors. It also describes the ecological receptors and defines 
the route, magnitude, frequency, duration, trend, and spatial pattem ofthe exposure of each receptor 
population or habitat to a chemical or physical stressor (Section 7.4). 

Effects Assessment (Step 3)—Effects assessment evaluates the ecological response to 
COPECs and physical sdessors in terms of the selected assessment and measurement endpoints. 
The effects assessment results in a profile of the ecological response of animals to the chemical 
concentrations or doses of COPECs and to other types of stress to which receptors are exposed. 
Data from both field observations and controlled laboratory studies are used to assess ecological 
effects (Section 7.5). 

Riik Characterization (Step 4)—Risk characterization integrates exposure of COPECs on 
receptor populations using risk quotients (ratios of exposure to effect). The resulting data are used 
to defme the risk from chemicals at each exposure unit, in contrast to background (naturally 
occurring) risk, and to mal;e information available about the potential for population and ecosystem 
recovery (Section 7.6). 

The discussion of lhe ERA presented in this report is organized in accordance with the four 
steps of the EPA framework. Sections 7.3 through 7.6 detail the technical issues and data 
evaluation procedures associated with each step in the SERA. Section 7.7 provides the procedures 
and fmdings of the BER/i for study areas from the SERA. Section 7.8 evaluates tiie degree of 
reliability or uncertainty of these methodological steps and the data used. The major fmdings for 
soil, sediment, and surface water risks are summarized in Section 7.9. 

Both screemng and BERAs are performed in the ALAAP work. As stated earlier, screening 
means the use of consei-vative exposure and effects while baseline means the use of less 
conservati\'e exposure and effects. Only those study areas not eliminated in the SERA are evaluated 
in the BERA. There is one set of exposure/effect assumptions for the SERA while there is another 
set of exposure/effect assuraptions for the BERA. Each is explained, in tum, in this report. 

7.3 PROBLEM FORMULATION, INCLUDING DATA COLLECTION AND 
EVALUATION 

The first step of EPA's approach to the ERA process, i.e., problem formulation, includes the 
following: 

• Determmation ofthe scope ofthe assessment (discussed earlier in Section 7.1) 

• Identification ciftiie COPECs (Section 7.3.1) 

• Identification of applicable or relevant and appropriate reqiiirements (ARARs) 
Section 7.3.2) 
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• A conceptual model dftiie site (Section 7.3.3) 

• Characterization of receptor species and their habitats (Section 7.3.4) 

• Selection of assessment and measiirement endpoints for the ERA (Section 7.3.5). 

Section 7.7 contains a method summary of problem formiilation for the BERA. 

7.3.1 Identification of Chemicals of Potential Ecological Concerii 

COPECs are those substances detected at ALAAP that are above background concentrations 
and have a risk potential to plants and animals. The potential abiotic exposure media for the 
ALAAP Remedial Investigation (RI) are air, soil (surface and subsurface), surface water, sediment, 
and groundwater. Biota may be considered another exposure medium. The screening of chemicals 
above background concentrations was conducted for surface soil (0 to <1 feet) for exposure to 
ecological receptors in those horizons, surface water, and sediment because these are the three 
principal media of exposure to plants and animals. The steps preceding tiie selection of CEBs and 
COPECs are shown in Figure 7-1. Figure 7-1 also shows the steps needed to defme a COC. 

7.3.2 Identincation of ARARs 

This section presents ARARs for surface water at ALAAP (Table 7-1). There are no 
known ARARs for soil and sediment. Chemical-specific ARARs set concentration or discharge 
limits in various envirorunental media for specific hazardous substances, pollutants, or contaminants 
(52 FR 32496). Chemical-specific ARARs for this ERA consist of water quality standards 
promulgated by the Alabama Department of Environmental Management (ADEM) 
(Alabama Administiative Code, Chapter 335-6-10, "Water Quality Criteria"). The water quality 
criteria are based on designated use classifications of specific water bodies, as described in Alabama 
Administrative Code, Chapter 335-6-11. The "Fish and Wildlife" classification, which states that 
waters must be suitable for fish, aquatic life, and wildlife propagation, determine the ARARs for 
COPECs in ALAAP surface water. The ambient water quality criteria (AWQC) for COPECs in 
ALAAP surface water based on the Fish and Wildlife designated use are summarized in Table 7-1. 
For chemicals that had insufficient toxicological data to allow calculation bf water quality criteria 
by ADEM, EPA Tier II acute and chronic values (EPA 1993e) also are presented. Tier II values are 
expected to be higher than AWQC in no more than 20 percent of cases (Suter and Mabrey 1994). 
Calculation ofthe Tier II values requires less data and less stringent data quality characteristics than 
AWQCs; consequeiitiy. Tier II values are not ARARs. 

Surface water concentrations of COPECs exceeded ADEM water quality criteria for the 
Fish and Wildlife designated use classification in the four ALAAP aquatic study areas where 
COPECs were detected (Table 7-1). In all four cases, a high percentage ofthe samples exceeded 
the ADEM criteria for copper and iron. 

^FinalRl Report 7-4 .August 2001 



Ecological Risk Assessment 

ALAAP Data 

V '̂^ 
Divide samples into exposure units for 
each environmental medium 

1 
Conduct background comparisons for inorganics in 
each exposure unit (Section 4.3 and Appendix J) 

Isthe 
inorganic 

chemical greater 
than background? 

Or is it 
organic? 

Eliminate 
inorganic 

chemical as CEB 

Identify chemical as CEB (Section 4.3) 

i 
Calculate EPC for CEBs 

i 
Conduct screening ecological risk assessment for 

identification of COPECs (Section 7.6) 

I 
Conduct baseline ecological risk assessment for 

identification of ecoCOCs (Section 7.7) 

KEV 
CEB 

COPEC 

ecoCOC 
EPC 
HQ 
RGO 

Chemical exceeding 
background 
Chemical of potential 
ecological concem 
Ecological chemical of ccncern 
Exposure point concentration 
Hazard quotient 
Remedial goal option 

Eliminate 
chemical as 

COC 

Identify chemical as ecoCOC with emphasis on 
those whose HQs exceed 10 (Sections 7.7 and 7.9) 

I 
Develop ecological RGOs for these ecoCOCs (Section 7.10) 

Ficjure 7-1. Flowchart for Ecological Risk Assessment 
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Ecological Risk Assessment 

Table 7-1. ARARs Comparison with State and Federal Criteria for Surface Water 
Alabama Army Ammunition Plant, ChUdersburg, Alabama 

Chtmical 

Copper 

Iron 

Lead 

Iron 

Iron 

Lead 

Iron 

Iron 

Lead 

Cliemical 

Copper 

Iron 

Lead 

Iron 

Aluminum 

Iron 

Lead 

Chemical 

Barium 

Manganese 

Barium 

Manganese 

Barium 

Manganese 

Eiccedancet of ADEM F r a h w a t c r Chronic Criteria | 

Praport ion 

Which Eiceed 

l o f 1. Smdy Area 9 

1 of 1, Smdy Area 9 

I o f l , Study Area 9 

l o f 1, Smdy Area 16 

4 of 5, Smdy Area 21 

1 of2 , Smdy Area 21 
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5 o f5 , Smdy Area 27 

- 1 of 1, Smdy Area 27 
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SW-27-035 
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POND 

POND 
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POND 
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SW-SP-012 
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SW-27-011 
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SPRG 

SPRG 
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1800 
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6300 
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69.1 
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69.1 
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Ecological Risk Assessment 

" ^ 

Table 7-1. ABLARS Comparison with State and Federal Criteria for Surface Water (Continued) 
. Alabama Army Ammunition Plant, Childersburg, Alabama 

^ W ^ 
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Barium 
Manganese 

Barium 
Manganese 
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Manganese 

Barium 

Manganese 
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Manganese 
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Sample ID '.:•• i . ."-j 
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SW-09-028 
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BW-26-002 
SW-26-003 
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SW-26-003 
SW-26-006 
BW-26-002 
SW-27-037 
SW-27-008 
SW-27-036 
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STRM 
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SAIC02 
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SAIC02 
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SAICOl 
SAICOl 
SAICOl 
SA1C02 
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SAICOl 
SAICOl 

SAICOl 
SAICOI 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl 

. SAICOl 
SA1C02 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
SAICOl 
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SAICOl 
SAIC02 

SAICOl 
SAICOl 
SAICOl 
SAICOl 
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39.9 
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80.5 
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1050 
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75.6 
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138 
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80.3 

3.8 

80.3 

. 
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3.8 

80.3 
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Ecologkal Risk Assessment 

Barium and manganese concentrations in 20 to 25 percent of the samples at the Red Water 
Ditch (Study Area 21) and Beaver Pond Drainage System (Study Area 27) exceed the EPA Tier II \ . ^ 
acute values. Concentrations ofthese COPECs exceeded Tier Il-chronic values at all four study 
areas where they were detected. 

7.3.3 Conceptual Site Model 

As shown in the conceptual site model, ecological receptors at ALAAP are exposed to 
potentially hazardous chemicals in soil, surface water, sediment, or food over several pathways 
(Figure 7-2). The figure shows the exposure pathways for terrestrial and aquatic receptors. For the 
different types of receptors, pathways that are evaluated quantitatively in the exposure assessment 
for the ERA are indicated by closed circles. Open circles indicate pathways that may exist, but are 
considered insignificant. Some pathways do not exist at ALAAP (e.g., aquatic receptors are not 
exposed to contaminants in air) and are not evaluated further. The most important pathways by 
which ecological receptors at ALAAP are potentially exposed to site contaminants were 
quantitatively evaluated in the ERA. 

7.3.4 Characterization of Receptor Species and Their Habitete 

The methods for ecological characterization of ALAAP, including field reconnaissance, 
habitat mapping, and collection of biological samples, are described in Section 3.7. The field 
reconnaissance conducted by SAIC and the habitat mapping based on aerial photography describe 
the habitats of the species. These habitats include wetlands, ponds/impoundments, pines, mixed ' S i ^ 
upland hardwoods, bottomland hardwood, old field (early sere), old field, industrial areas, and other. 
The habitat map and approximate acreages are proyided in Section 7.4 and descriptions of these 
habitats are contained in Section 2.7. Biological samples were collected for contaminant body 
burden analysis of cottontail rabbits, fish, and crayfish. These data were used to illustrate whether 
COPECs move from the abiotic environment to organisins in food webs and to document chemical 
relationships of media to organisms. These food webs are provided in Section 7.4. The body 
burden data are presented in Section 4 and used in Section 7.4. 

7.3.5 Ecological Assessment and Measurement Endpointe 

Protecting ecological resources, such as the habitats and species of plants and animals 
discussed in Section 2.7, is the principal motivation for conducting ecological risk assessments. 
Key aspects of ecological protection are presented as policy goals (i.e., general goals established by 
legislation or agency policy) based on societal concern for protection of certain environmental 
resources. For example, environmental protection is mandated by a variety of legislation and 
Govemment agency policies (e.g.. Comprehensive Environmental Response, Compensation, and 
Liability Act [CERCLA] and the National Environmental Policy Act [NEPA]). Other legislation 
includes the ESA 16 U.S.C. §§ 1531-1544 (1993, as amended) and.the Migratory Bird Treaty Act, 
16 U.S.C. §§ 703-711 (1993, as amended). Four policy goals were defined for the ALAAP ERA, as 
shown in Table 7-2. To determine whether these protection goals are met at ALAAP, 12 _ 
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Table 7-2. Policy Goals, Ecological Assessmeht Endpoints, Measurement Endpoints, and Decision Rules 
Alabama Army Ammunition Plant, Childersburg, Alabama 

n 
o 

o 

Policy Goals 

Policy Goal! : The 
preservation and 
conservation of 
T&E species and 
their critical 
habitats. 

Policy Goal 2: The 
maintenance and 
protection of 
terrestrial 
populations and 
ecosystems. 

Assessment Endpoint 

Assessment Endpoint 1: 
Preservation ofany State or federally 
designated threatened or endangered 
species. 

Endpoint Species: none known. 

Assessment Endpoint 2: 
Mairitenance of plant community for 
erosion control and energy 
production. 

Endpoint Species: plants of various 
species. 

Assessment Endpoint 3: 
Maintenance of soil-dwelling 
invertebrate community for nutrient 
and energy processing. 

Endpoint Species: earthworms. 

Assessment Endpoint 4: 
. Maintenance of populations of 

herbivorous animals. 

Endpoint Species: cottontail rabbits 
and deer. 

Measurement Endpoint 

Measurement Endpoint 1: Observational data 
on presence of T&E species. Modeled 
contaminant concentrations in prey (shrews, 
woodcoclcs, and rabbits) based on measured soil 
concentrations. 

Measurement Endpoint 2: Measiired soil 
contaminant concentrations. 

Measurement Endpoint 3: Measured soil 
contaminant concentrations. 

Measurement Endpoint 4: Modeled 
contaminant concentrations in food chain based 
on measured soil contaminant concentrations. 

Decision Rule 

Decision Rule for Assessment Endpoint 1: If T&E species > 
are not present, or RME concentrations in the media do not 
contribute to chronic NOAEL (SERA) or chronic LOAEL 
(BERA) exceedance (i.e., HQs <1), then it is indicated that the 
contaminant alone is unlikely to cause adverse ecological 
effects, and, therefore, the T&E species are preserved. Ifthe 
HQ >I, a weight-of-evidence evaluation will be conducted to 
determine the potential for ecological risk and the need for any 
additional measurements or calculations. 

Decision Rule for Assessment Endpoint 2: Ifthe HQ is <l, 
then it is indicated that the contaminant alone is unlikely to 
cause adverse ecological effects and, therefore, maintain the 
plant populations and communities. Ifthe HQ >1, a weight-
of-evidence evaluation wil) be conducted to determine the 
potential for ecological risk and the need for any additional 
measurements or calculations. 

Decision Rule for Assessment Endpoint 3: Ifthe HQ is <1, 
then it is indicated tHat the contaminant alone is unlikely to 
cause adverse ecological effects and, therefore, the soil 
invertebrate community is maintained. Ifthe HQ >1, a 
weight-of-evidence evaluation will be conducted to determine 
the potential for ecological risk and the need for any additional 
measurements or calculations. 

Decision Rule for Assessment Endpoint 4: Ifthe HQ is <I, 
then it is indicated that the contaminant alone is unlikely to 
cause adverse ecological effects and, therefore, populations of 
the herbivores, e.g., cottontail rabbits, are maintained. Ifthe 
HQ >l, a weight-of-evidence evaluation will be conducted to 
determine the potential for ecological risk and the need for any 
additional measurements or calculations. 

> 
c 

HQ = Hazard (risk) quotient 
LOAEL = Lowest-observable-adverse-eflfects level 
NOAEL = No-observable-adverse-effects level 
RME = Reasonable maximum exposure 
T&E = Threatened and endangered 
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Table 7-2. Policy Goals, Ecological Assessment Endpoints, Measurement Endpoints, and Decision Rules 
Alabama Army Ammunition Plant Childersburg, Alabama (Continued) 

> 

ls> 
o 
o 

Policy Goals 

Policy Goal 2 
(continued): The 
maintenance and 
protection of 
terrestrial 
populations and 
ecosystems. 

Policy Goal 3: The 
maintenance and 
protection of 
aquatic populations 
and ecosystems. 

Assessmeni Enupuini 

Assessment Endpoint S: 
Maintenance of worm-eating and/or 
insectivorous animals. 

Endpoint Species: mammal— 
shrew; bird^woodcock. 

Assessment Endpoint 6: 
Maintenance of terresfrial predators. 

Endpoint Species: mammal—red 
fox; bird—red-tailed hawk. 

Assessment Endpoint 7: 
Maintenance of aquatic vegetation. 

Endpoint Species: aquatic 
vegetation. 

Assessment Endpoint 8: 
Maintenance of sediment-dwelling 
organisms. 
Endpoint Species: sediment-
dwelling organisms. 

Measurement Endpoint 

Measurement Endpoint 5: Modeled 
contaminant concentrations in earthworms and 
other prey based on measured soil contaminant 
concentrations. 

Measurement Endpoint 6: Modeled 
contaminant concentrations in prey (shrews, 
woodcocks, and rabbits) based on measured soil 
contaminant concentrations. 

Measurement Endpoint 7: Measured surface 
water contaminant concentrations. 

Measurement Endpoint 8: Measured 
sediment contaminant concentrations. 

Decision Rule 

Decision Rule for Assessment Endpoint 5: Ifthe HQ is <1, 
then it is indicated that the contaminant alone is unlikely to 
cause adverse ecological effects and, therefore, populations of 
worm-eating and/or insectivorous animals are maintained. If 
the HQ >1, a weight-of-evidence evaluation will be conducted 
to determine the potential for ecological risk and the need for 
any additional measurements or calculations. 

Decision Rule for Assessment Endpoint 6: If the HQ is < 1, 
then it is indicated that the contaminant alone is unlikely to 
cause adverse ecological effects; ahd therefore, populations of 
terrestrial predators are maintained: Ifthe HQ S-,1, a 
weight-of-evidence evaluation will be conducted to determine 
the potential for ecological risk and the need for any additional 
measurements or calculations. 

Decision Rule for Assessment Endpoint 7: Iftiie HQ is <1, 
then it is indicated that the contaminant alone is unlikely to 
cause adverse ecological effects, and therefore, populations of 
aquatic vegetation are maintained. Ifthe HQ >1, a 
weight-of-evidence evaluation will be conducted to determine 
the potential for ecological risk and the need for any additional 
measurements or calculations. { 

Decision Rule for Assessment Endpoint 8: Ifthe HQ is <1, 
then it is indicated that the contaminant alone islinlikely to 
cause adverse ecological effects, and therefore, populations of 
sediment-dwelling organisms are maintained. l f theHQ>l,a 
weight-of-evidence evaluation will be conducted to determine 
the potential for ecological risk and the need for any additional 
measurements or calculations. | 

HQ = Hazard (risk) quotient 
LOAEL = Lowest-observable-adverse-effects level 
NOAEL = No-observable-adverse-effects level 
RME = Reasonable maximum exposure 
T&E = Threatened and endangered 
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Table 7-2. Policy Goals, Ecological Assessment Endpoints, Measurement Endpoints, and Decision Rules Alabama 

Army Ammunition Plant, Childersburg, Alabama (Continued) 

n 
o 

t — . 

to 

• > 

c 
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O 
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Policy Goals 

Policy Goal 3 
(continued): The 
maintenance and 
protection of 
aquatic populations 
and ecosystems. 

Policy Goal 4: The 
protection of 
wetlands. 

Assessment Endpoint 

Assessment Endpoint 9: 
Maintenance of aquatic organisms. 

Endpoint Species: flsh. 

Assessment Endpoint 10: 
Maintenance of aquatic community. 

Endpoint Species: fish community. 

Assessment Endpoint I I : 
Maintenance of terrestrial predators 
who eat aquatic prey. 

Endpoint Species: mammal— 
mink; bird—great blue heron. 

Assessment Endpoint 12: No 
degradation of wetlands. 

Measurement Endpoint 

Measurement Endpoint 9: Measured surface 
water contaminant concentrations. 

Measurement Endpoint 10: Measured surface 
water contaminant concentrations. 

Measurement Endpoint 11: Modeled 
contaminant concentrations in prey (fish, other) 
based on measured water and predicted prey 
contaminant concentrations. 

Measurement Endpoint 12: Measured soil 
concentrations. 

Decision Rule 

Decision Rule for Assessment Endpoint 9: Ifthe HQ is <1, 
then it is indicated that the contaminant alone is unlikely to 
cause adverse ecological effects, and therefore, populations of 
aquatic organisms are maintained. I f theHQ>l,a 
weight-of-evidence evaluation will be conducted to determine 
the potential for ecological risk and the need for any additional 
measurements or calculations. 

Decision Rule for Assessment Endpoint 10: Iflhe HQ is <I, 
then it is indicated that the contaminant alone is unlikely to 
cause adverse ecological efTects, and therefore, populations of 
aquatic community are maintained. Ifthe HQ >l, a 
weight-of-evidence evaluation will be conducted lo detennine 
the potential for ecological risk and the need for any additional 
measurements or calculations. 

Decision Rule for Assessment Endpoint 11: Ifthe HQ is <l, 
then it is indicated that the contaminant alone is unlikely to 
cause adverse ecological effects, and therefore, populations of" 
terrestrial predators of aquatic organisms are maintained. If 
the HQ >I, a weight-of-evidence evaluation will be conducted 
to determine the potential for ecological risk and the need for 
any. additional measurements or calculations. 

Decision Rule for Assessment Endpoint 12: Ifthe HQ is <l, 
then it is indicated tliat the contaminant alone is unlikely to 
cause adverse ecological effects, and therefore, wellands are 
maintained. If the HQ > I, a weight-of-evidence evaluation 
will be conducted to determine the potential for ecological risk . 
and the need for any additional measurements or calculations. 

HQ = Hazard (risk) quotient 
LOAEL = Lowest-observable-adverse-eflfects level 
NOAEL = No-observable-adverse-effects level 
RME = Reasonable maximum exposure 
T&E = Threatened and endangered 
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Ecological Risk Assessment 

^ assessment and measurement endpoints are formulated to define the specific ecological values to be 
L ^ protected and to define th(; degree of protection. 

Assessment endpoints are'lstatements specifying thei d^ îred ecological attribute to be 
protected in the environment (Suter 1993). For example, wetlands occur at ALAAP, so there is an 
assessmerit endpoint for wetlands. Desirable attributes of the environment can be ecosystem 
functions, such as production and decomposition, or properties such as biodiversity. Valued 
components ofthe environment can be organisms and trophic groups with symbolic, commercial, 
recreational, or ecological importance. Assessment endpoints are often not directly measurable. As 
a result, one or more measurement endpoints are chosen to determine site-specific impacts on the 
assessment endpoints. 

Decision rules are specified for the assessment endpoints. Table 7-2 shows the decision 
rules that describe the logiical basis for choosing from among altemative actions for the assessment 
endpoint, based on the results ofthe measurement endpoints. In some cases, toxicity tests or biotic 
surveys provide direct evidence ofthe level of adverse effects. Where these were not conducted, it 
is assumed that receptor endpoints at ALAAP will exhibit the same level of adverse effects when 
exposed to a given concentration of a COPEC as that experienced by test species in published 
toxicity studies. TogethcT, the assessment endpoint, measurement endpoint, and decision rule 
define an entity (e.g., fish commimity), a characteristic of the entity (e.g., diversity), an acceptable 
amount of change in the entity (e.g., no more than a 20 percent reduction in taxonomic diversity 

I , compared to a reference site), and a mechanism for deciding whether the protection goal is being 
^ " ^ met. 

Assessment endpomt 1 states that threatened and endangered (T&E) species should not be 
adversely impacted by potential contamination at ALAAP in accordance \yith Federal law 
protecting individuals of T&E species. To evaluate if T&E species are at risk at ALAAP, first the 
presence of T&E species at ALAAP must be confinned. Measurement endpoint 1 is thus the 
published information and field observations indicating that T&E species do not occur in the 
ALAAP study wea&. The decision rule for assessment endpoint 1 specifies that no fiuther 
evaluation is necessary because no T&E species are present at ALAAP. 

Assessment endpoints 2 throiigh 10 state that communities of plants and animals 
constituting the terrestrial md aquatic ecosystems at the ALAAP study areas should be maintained. 
Together, these nine assessment endpoints represent policy goals 2 and 3. The measurement 
endpoints for these assessment endpoints are measured contaminant concentrations in abiotic media 
(surface soil, surface water, and sediment) and measured or modeled contaminant concentrations in 
prey animids (rabbits, fish, and crayfish). 

Decision rules for assessment endpoints 2 through 10 are given in terms of hazard quotients 
(HQs) calculated for the SERA and BERA. An HQ is the ratio ofthe measured or predicted dose or 
concentration of a substance to which a receptor is exposed in an environmental medium and the 

* ^ ^ measured concentration oi" dose of a substance causing a specified level of adverse effect on an 
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organism (i.e., a benchmark or toxicity threshold) (Bamthouse et al. 1986). In the SERAj the HQ is 
calculated as the ratio of the reasonable maximum exposure (RME) point concentration and the 
toxicity threshold is equivalent to a no effect concentration (e.g., no-observable-adverse-effect level 
[NOAEL]). Accordingly, the SERA decision rules for assessment endpoints 2 through 10 are that 
an HQ < 1 indicates the CEB is not a COPEC. Conversely, an HQ > 1 indicates the substance is a 
COPEC. In the BERA, the HQ is calculated as the ratio ofthe average exposure point concentration 
and a toxicity threshold equivalent to a concentration associated with some level of adverse effect 
(e.g., lowest-observable-adverse-effect [LOAEL]); Accordingly, the BERA decision rules for 
assessment endpoints 2 through 10 are that an HQ < 1 indicates the COPEC alone is not a risk. 
Conversely, an HQ > 1 indicates that the COPEC has some probability of causing an adverse 
ecological effect on the receptor. 

The adverse ecological effects referred to in the decision rules for assessment endpoints 2 
through 10 vary. The benchmarks and toxicity thresholds used to calculate HQs, which are 
associated with some adverse effect, come from laboratory studies of individual substances and test 
organisms or from field observations on one or more species in different locations. The primary 
types of adverse ecological effects for assessment endpoints 2 through 10 are given below: 

• Assessment endpoint 2 - Root and shoot growth, seed germination for plants 
(Appendix Table 0-27) 

• Assessment endpoint 3 - Cocoon production, mortality, growth for soil invertebrates 
(Appendix Table 0-28) 

• Assessment endpoints 4, 5, 6, and 10 - Mortality, reproductive effects, growth, organ 
dysfimction, neurological disorders (Appendix Tables 0-29 and O-30) for wildlife 
species 

t 

• Assessment etidpoint 7 - Growth, mortality (Appendix Table 0-293) for aquatic 
vegetation 

• 

• 

Assessment endpoint 8 - Various dysfunctions, mortality (Appendix Table 0-265) for 
sediment-dwelling organisms 

Assessment endpoint 9 - Various dysfunctions, mortality (Appendix Table 0-293) for 
aquatic organisms. 

The endpoint receptors at ALAAP identified for assessment endpoints 2 through 10 are 
assumed to experience the same adverse ecological effects as observed in the laboratory or field 
studies, when they are exposed to the same concentration of contaminant. Policy goals 2 and 3, 
assessment endpoints 2 through 10, the measurement endpoints, and the SERA and BERA decision 
rules are presented in Table 7-2. 

w 
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Assessment endpoint 11 states that wetiands should not be degraded directiy or indirectiy by 
tiie presence of potentid contaminants at ALAAP stiidy areas. The potential for wetiand 
degradation depends on the location of wetiands relative to the location and amount of potential 
contaminsfflts in the studj' area, and this is reflected in the measurement endpoint for assessment 
endpoint 11. The decision rule for assessment endpoint 11 is given in terms ofthe existence of both 
wetiands im a study area and risk to endpoint species exposed in study area wetiand (i.e., violation of 
assessment endpoints 2 through 10, where appropriate to wetiands). 

Ttie final COCs aj-e selected only after additional evaluation of the confidence of exposure 
assumptions, toxicity thresholds, and other uncertainties (e.g., background risk). The measured 
concentraiions of ALAAP CEBs are provided in Section 4 and Appendix O. The toxicity threshold 
concentraiions are discussed in Section 7.5. 

7.4 EXPOSURE ASSESSMENT 

The exposure asseiisment, or Step 2 of EPA's ERA process, describes the following: 

• Study areas (Section 7.4.1) 
• Habitats in study areas (Section 7.4.2) 
• Contaminant sources and exposure media (Section 7.4.3) 
• Exposure pathways and food webs (Section 7.4.4) 
• Ecological receptors and their exposure at ALAAP (Section 7.4.5) 
• Quantification ofexposure and exposure factors (Section 7.4.6) 
• Summary ofexposure assessment (Section 7.4.7). 

Each part of exposure to COPECs is presented for each receptor at ALAAP and at 
background locations. 

7.4.1 Selection of Study Areas 

ERA study areas are defined as areas where ecological receptors are likely to gather food, 
seek shelter, reproduce, and move around. Thus, the study areas for tiie ALAAP ERA were defined 
on the basis of location oJ' areas with similar exposure media (e.g., surface water or soil); spatial 
area of study areas relative to the home range and foraging areas of the receptors; and location of 
areas that may become reraedial units. The followdng terrestrial study areas for the ALAAP ERA 
are the same as those defined for the ALAAP human health risk assessment: 

Study Area 2 - Smokeless Powder Facility 
Study Area 3 - Sanitary Landfill and Lead Facility 
Study Area 4 - Manhattan Project Area 
Study Area 6 - Southern TNT Manufacturing Area 
Study Area 7 - Nortiiem TNT Manufacturing Area 
Study Area 8 - Acid/Organic Manufacturing Area 
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Study Area 10-East - Tetryl Manufactiiring Area-East -
Study Area 10-West-Tetryl Manufacturing Area-West v J 
Study Area 16 - Flashing Ground 
Study Area 17 - Propellant Shipping Area 
Study Area 18 - Blending Tower Area 
Study Area 19 - Lead Facility 
Study Area 20 - Rifle Powder Finishing Area 
Study Area 22 - Demolition Landfill 
Study Area 25 - Storage Battery/Demolitibn-Debris 
B6 - Building 6 - Coke Oven 
PO - Downed Utility Poles with Transformers 
PS - Fertilizer and Pesticide Storage Area 
Background m northeast part of Area A. 

The aquatic study areas are tiie same as those for the human health risk assessment and 
consist of the following water bodies: 

Study Area 5 - Red Water Storage Basin 
Study Area 9-Aniline Sludge Basin . -
Study Area 16 - Flashing Ground 
Study Area 21 - Red Water Ditch 
Study Area 26 - Crossover Ditch V . J 
Study Area 27 - Beaver Pond Drainage System 
CoosaRiver 
TalladegaCreek 
Background (Fanning Creek) 
Background (Talladega Creek). 

Concentration data for the environmental samples collected during the RI were aggregated 
by these study areas for soil, surface water, and sediment, and are summarized in Appendix O. 

7.4.2 Habitate in Study Areas 

There are nine types of habitats (wetiands, ponds, pines, mixed upland hardwoods, 
bottomland hardwoods, old field early sere, old field, industrial, and other). Section 2.7 provides 
detailed descriptions of these habitats. Table 7-3 shows tiie distribution of approximate acreage 
among the approximately 770 acres in the study areas. Figure 7-3 shows the habitat locations 
within the various study areas as well as among them. Old fields are the most commonly 
encountered habitat, followed by mixed upland hardwoods. 

Ŵ  
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Table 7-3. Summary of Habitats by Study Area at Alabama Army Ammunition Plant, Childersburg, Alabama 

> 
c 
» 
O 
o 

O ^ 1^ -

oiuuy 
Area 

Area 
(acres) 

Area 
(hectares) 

Habitats (hectares) 

Wetlands Ponds Pines 
iVlixed 
Upland 

Hardwoods 

Bottomland 
Hardwoods 

Old Field 
(Early 
Serai 
State) 

Old Field Industrial Other* 

TERRESTRIAL 
2 
3 
4 
6 
7 
8 
lOE 
VOW 
16 
17 
18 
19 
20 
22 
25 
B6 
PO 
PS 
Total 

90.25 
7.51 
3.22 

74.03 
54.32 

113.79 
68.62 
68.62 
15.03 

126.06 
43.68 

4.15 
42.31 

1.77 
2.63 
0.17 
0.15 
0.35 

716.65 

36.52 
3.44 
1.30 

31.19 
22.67 
46.88 
27.77 
27.77 

6.08 
51.66 
17.75 

1.71 
17.12 
0.76 
1.50 
0.07 
0.06 
0.14 

294.40 

0.26 

0.73 

0.89 

0.32 

2.21 

0.22 
0.17 
0.11 

0.50 

0.37 
0.23 

1.84 
0.77 

14.97 
0.59 
0.59 
1.85 

20.28 

0.85 

0.16 

42.50 

9.43 
0.93 
0.95 
1.63 
0.42 
6.29 

12.11 
12.11 

1.28 
18.70 
14.79 
0.22 
6.50 
0.45 
0.89 

86.67 

0.68 

0.19 

0.87 

24.15 
20.20 

44.35 

21.89 
1.84 

0.35 
15.62 
8.30 
8.30 
0.24 
1.26 

6.64 

0.07 
0.06 
0.14 

64.70 

1.57 

6.78 

, . • , -

8.35 

3.00 
0.45 
0.36 
2.61 
0.76 
2.22 
6.77 
6.77 
2.71 

11.43 
2.28 
0.63 
3.80 
0.31 
0.13 

44.23 
AQUATIC 1 

5 
9 
21 
26 
27 
Total 
Grand 
Total 

9.28 
3.99 

10.30 
1.56 

27.87 
53.00 

769.65 

3.76 
1.61 
4.17 
0.63 

11.28 
21.45 

315.85 

11.34 
11.34 
13.55 

0.99 
1.62 
0.05 

2.66 
3.17 

0.40 
0.02 

0.42 
42.91 

2.79 

0.83 
0.62 

4.23 
90.91 

0.00 
0.87 

2.92 

2.92 
47.27 

0.00 
64.70 

0.00 
8.35 

0.00 
44.23 

I 

lit. 
S3 
a 

*Other = areas containing various habitat (e.g., patches of bare soil, roads, etc.) 
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7.4.3 Contaminant Source and Exposure Media 

Contaminant sources at ALAAP include surface and subsurface soil in the terrestrial study 
areas and sediment and sujrface water in the aquatic study areas. The origin, nature, and extent of 
the contaminants in these media are discussed in Section 4. Contamination in soil at terrestrial units 
(e.g., Stud)' Areas 8 and 22) has the potential to continually contaminate surface water and sediment 
in nearby aquatic study aieas (e.g., Study Area 9 and Talladega Creek). Hazardous substances 
emanating from bther sources may also contribute to the overall exposure at ALAAP and at 
background locations. See Section 2 for more information describing the ALAAP surroundings and 
other potential sources ofchemical exposure (e.g., agricultural fields). 

Groundwater, air, and subsurface soil (more than 1 foot below land surface [BLS]) were not 
judged to be significant exposure media for the ALAAP ecological receptors, and thus, were not 
quantitatively evaluated as part of the ERA. Most animals do not come into contact vsdth 
groundwater until it emerges as surface water at seeps, springs, or drainage features. Burrowing 
animals may be exposed to volatile organic and inorganic compounds in their burrows or near the 
surface of ilandfills. However, the exposure of animals to chemicals by inhalation is likely to be a 
small fractfion of direct exposure to chemicals in soil by incidental ingestion and indirect exposure 
by ingestion df contamiciated biota. Furthermore, the available toxicity data apply almost 
exclusively to the ingestion pathway. As a result, the air pathway was not evaluated. Large plants 
may be exjposed to groundwater and subsurface soils. The primary exposure of plants occurs in 
surface soil (during early life stages); therefore, only shallow exposures were evaluated. Most 
animal and plant activity occurs in the surface organic layer of soil (A and B horizons), which at 
ALAAP Area B signifies the upper few inches. Maximum reported burrowing depths for the 
receptor species present at ALAAP-Iike habitats are 6 feet for the earthworm Jind 1.5 feet for the 
short-tailed shrew (Suter et al. 1993). However, the majority of earthworms reside in the upper 
6 inches of soil. Likewise, most sediment-dwelling invertebrates live on the sediment surface or in 
the oxidized surface layer, which is seldom deeper than a few inches. 

Tht; primary exposure media at ALAAP and background locations that are quantitatively 
evaluated in the ERA are surface soil (0 to 1 foot), sediment (0 to 1 foot), and surface water. In 
addition, animals such as rabbits, fish, and crayfish can constitute contaminated food for predators. 
Ecological receptors most frequently are exposed to contaminants in these media. Exposures to 
these contaminants is modified by tiie processes of dilution (e.g., normal mixing and dispersion) and 
magnificatiion (e.g., bioaccimiulation) ofthe concentration of COPECs in the environment. 

7.4.4 Exposure Pathways and Food Webs 

Th(; patiiways frorn contaminant sources and exposure media through the food web to 
ecological receptors potentially exposed to ecological COPECs at ALAAP and background 
locations are presented in Figure 7-4 and are summarized in Table 7-4. Table 7-4 represents a 
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Table 7-4. Exposure Routes for Alabama Army Ammunition Plant, Childersburg, Alabama BERA 

TERRESTRIAL UNITS 

exposure Linii 

2 Smokeless Powder Facility 
3 Sanitary Landfill and Lead Facility 
4 Manhattan Project Area 
6 Southem T J ^ Manufacturing Area 
7 Northem TNT Manufacturing Area 
8 Acid/Organic Manufacturing Area 
1 OE Tetryl Manufacturing Area-East 
16 Flashing Ground 
17 Propellant Shipping Area 
18 Blending Tower Area 
19 Lead Facility 
20 Rifle Powder Finishing Area 
22 Demolition Landfill 
25 Storage Battery/Demolition Debris 
B6 Building 6 - Coke Oven 
PO Downed Utility Poles 
PS Fertilizer and Pesticide Storage Area 
Background in northeast part of Area A 

Kecepior «..iass 

Terrestrial Vegetation 

Soil-dwelling Invertebrates 

Herbivorous Animals 

Insectivorous Mammals and Birds 

Top Predators 

AQUATIC UNITS 

Exposure Unit 

5 Red Water Storage Basin 
9 Aniline Sludge Basin 
16 Flashing Ground 
21 Red Water Ditch 
26 Crossover Ditch 
27 Beaver Pond Drainage System 
Talladega Creek 
Background (Fanning Creek) 
Background (Talladega Creek) 

Receptor Class 

Aquatic Vegetation 

Sediment-dwelling Invertebrates 

Aquatic Animals 

Piscivorous Predators 

EXPOSURE ROUTE 

Soil 
Direct Contact Ingestion Ingestion of Plants | Ingestionof Animals 

EXPOSURE ROUTE 
Sediment and Surface Water 

Direct Contact Ingestion Ingestion of Plants ingestion of Animals 

'i 
I 

I 

Pathway evaluated quantitatively 
Pathway not evaluated or evaluated qualitatively 
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more detailed version of the conceptual site model (Figure 7-2). Each closed circle or complete 
pathway is expressly related to a given receptor class. In tum, the same set of receptors is exposed 
at each ofthe study areas. Study areas are listed in one continuous column. 

Terrestrial vegetation is exposed to contaminants in surface soil by direct contact. 
Soil-dwelling invertebrates, such as earthworms, burrow in the surface soil and ingest soil as their 
primary source of nutrition. Large vertebrate herbivores, such as white-tailed deer, drink from 
surface water features, and incidentally ingest soil while eating vegetation. Smaller herbivorous 
mammals, such as rabbits, eat grass and other vegetation, incidentally ingesting soil in the process. 
Insectivorous mammals, such as shrews, burrow in the soil and eat soil-dwelling invertebrates, such 
as earthworms and insect larvae, as well as incidental soil. Many insectivorous birds, such as 
woodcocks, eat earthworms and soil-dwelling insect larvae, as well as incidentally ingesting soil in 
the process. Mammalian top predators, such as red foxes, eat a mixed diet of invertebrates, fronts 
and beiries, and small birds and mammals. Top predator birds, such as hawks, forage over open 
areas, himting small mammals such as rabbit, shrew, mice, and ground-dwelling birds (e.g., quail). 

The aquatic habitats at ALAAP (e.g., Beaver Ponds and Crossover Ditch) are suitable for 
fish and sediment-dwellmg invertebrates and for tiie terrestiial and aquatic predators feeding on 
them (Figure 7-4). Table 7-4 summarizes aquatic exposure pathways. Floating aquatic plants are 
exposed to contaminants dissolved in surface water. Rooted aquatic plants are exposed to 
contaminants in sediment and surface water. Sediment-dwelling invertebrates are exposed 
primarily to contaminants in sediment by direct contact with sediment pore water and ingestion of 
sediment. Crayfish are representative of aquatic biota that are exposed to contaminants in sediment 
and biota. Fish and other aquatic biota living in water are exposed to contaminants in surface water 
as well as contaminants in the tissues of their prey. Shiners represent small fish that feed on a 
mixture of sediment-dwelling biota, aquatic invertebrates, and even a small percentage of terrestrial 
insects that fall into lakes, ponds, and streams. Largemouth bass are typical of larger predatory fish 
that feed primarily on other smaller fish and the larger aquatic invertebrates (e.g., crayfish). 
Largemouth bass, shiners, and crayfish are all prey offish-eating birds, such as the great blue heron, 
and mammals, such as the mink. Mink also eat terrestrial animals, such as birds, small mammals, 
and larger invertebrates. 

7.4.5 Ecological Receptors and Their Exposure 

The risk assessment evaluates the potential exposures of ecological receptors to COPECs in 
surface soil, sediment, and surface water. In addition, plants and animals are ingested by receptors 
and are freated as biotic media. Ecological receptors are grouped into exposure classes. Exposure 
classes contain species with similar feeding habits and physiologies. Each exposure class for the 
ALAAP ERA has one or more species of ecological receptors. 
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The terrestrial exposure classes and their ecological receptors for the ALAAP ERA are as 
V̂ / follows: 

• Vegetation (no specific receptor identified) 

• Soil dwelling iinvertebrates 
- Earthworms 

• Herbivorous animals 
- Rabbit 
- Deer 

• Insectivorous iind worm-eating mammals and birds 
Shrew 
Woodcock 

• Terrestrial top predators 
- Red fox 
- Red-tailed hawk. 

Th(;se receptors or their ecological equivalents are present, or likely to be present, at 
ALAAP and were selected in accordance with Framework for Ecological Risk Assessment 
(EPA 1992a). All receptors are ecologically relevant because they represent major groups of 

^̂ —̂̂  receptors exposed along the pathways leading from the identified source media. All are susceptible 
to exposur(j unit COPECs, and toxicity data are available for each receptor tb evaluate and predict 
risk. Exposure classes are defined operationally, and receptors are defined specifically. Their 
relationship to policy goals is indicated in Section 7.3.5 and in Table 7-2. Receptors and major 
exposure routes for receptors are provided on the food web in Figure 7-4, and were explamed 
previously. 

Eac;h receptor listed is directly linked to one of the assessment endpoints and provides an 
explicit expression of the environmental value to be protected. For example, soil-dwelling 
invertebrates are listed because the soil invertebrate community is ecologically important, 
susceptible to constitiients in soil, and exposed at tiie ALAAP study areas. Similarly, worm-eating 
and/or insectivorous mammals and birds are ecologically important because they help to confrol the 
size of the terrestrial invertebrate population that might otherwise damage populations of primary 
producers, especially planis. They also are susceptible to soiX COPECs and are exposed at the 
ALAAP situdy areas. . Short-tailed shrews and American woodcock were chosen as surrogate 
species because they are Mghly exposed to COPECs by their consumption of large quantities of 
terrestrial mvertebrates present in tiie habitats at ALAAP. They also ingest soil during feeding, 
including soil within the bodies of earthworms and other prey. 

Exposure pathways were chosen to provide the highest potential exposures to receptors 
\ ^ under a variety of conditions. For example, earthworms and shrews constitute a pathway where 
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exposure of small mammals from soil COPECs would be maximized. Hawks represent the top of 
the food web where exposures from bioaccumulated materials can be maximal. Each class and 
specific receptors are discussed further in the following paragraphs. In addition, receptors are 
profiled according to such attiibutes as body weight, home range, temporal use factor, and various 
ingestion rates. All ofthese parameters are used in this ERA. 

Vegetation—Terrestrial plants are exposed to COPECs primarily by direct contact with soil. 
Vegetation forms the basis of the food web; herbivores eat plants and camivores, in turn, eat 
herbivores. It is assumed that plants are exposed to fiill soil concentration. 

SoU-Dwelling Invertebrates—Earthworms {lumbricids) and other soil-dwelling 
invertebrates are exposed to soil chemicals in surface soil by ingestion and direct contact. It is 
assumed that earthworms ingest only soil and are exposed to the fiill-measured soil concentration. 
Earthworms have ecological value because of their role in the decomposition of detritus, soil 
aeration, and soil fertility. Also, earthworms are ingested by worm-eating mammals and birds and, 
thus, any decrease of earthworm populations would reduce the amount of food available to their 
predators and, in tum, could affect such predators. In addition, contaminated earthworms—with 
contaminated soil in their digestive system and contaminated tissue—can contaminate and affect 
their meimmal and bird predators. 

Herbivorous Animals—Herbivorous mammals (e.g., rabbits and deer) and birds (e.g., quail) 
are exposed primarily through incidental ingestion of contaminated surface soil and of plant 
material. The eastem cottontail {Sylvilagus floridanus) represents mid-sized herbivores in the ERA 
(Table 7-5). The white-tailed deer {Odocoileus virginianus) represents the large-sized herbivore 
(Table 7-6). Small mammals at each exposure unit are assumed to obtain everything they ingest 
from that exposure unit, whereas large mammals are assumed to obtain food from an aggregate of 
exposure imits. 

Insectivorous and Worm-eating Mammals and Birds—Insectivorous and worm-eating 
mammals (e.g., short-tailed shrew, Blarina brevicauda) and birds (e.g., American woodcock, 
Scolopax minor) are exposed primarily by ingestion of potentially contaminated prey 
(e.g., earthworms, insect larvae, slugs) as well as ingestion of soil. Receptor profiles are foimd in 
Tables 7-7 and 7-8. Direct contact, and especially inhalation of volatile organic compounds 
(VOCs) and semivolatile organic compouiids (SVOCs), are not likely to result in significant 
exposures because these chemicals are expected to haye already dissipated. Dermal exposure is 
minor because both feathers and especially fur serve as effective barriers to the absorption of 
COPECs. The integument (e.g., skin) also serves as an additional barrier to dermal absorption. Fur 
and skin-associated soil ingested during grooming was included in the estimated daily soil ingestion 
rate. For the ALAAP study areas, the exposure for this class of receptors is the sum of miaterials 
absorbed from ingested soil, plants and animals. The soil fiaction of their diet includes soil from the 
intestinal tracts of their prey. Exposure by inhalation was not evaluated. 
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Table 7-5. Receptor Parameters for Eastem Cottontail 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Parameter 

BW 

HR 

TUF 

IRp 

PF 
AF 

SF 

1R« 

Definition 

Elody weight (kg) 

Home range (ha) 

Temporal use factor 

Food ingestion rate (g/g-d = kg/kgBW/d)" 

Plant fraction in diet 
)4jiimal fraction in d iet 

Soil fraction in diet 

V/ater ingestion rate (g/g-d = L/l(gBW/d) 

Receptor: Eastern cottontail 
(Sylvilagus floridanus) 

Vaiue 
1.23 

3 

1 

0.205 

1 
0 

0.063 

0.097 

Reference / Notes 
Arithmetic mean of 4 seasonal means, adult, both 
sexes, Georgia, all areas (EPA 1993f). 
Arithmetic mean of winter means, adult, both 
sexes, Wisconsin (EPA 1993f). 
Will be 1 unless a specific value exists for a 
receptor. 
Estimated by dividing free-living metabolic rate 
(203 kcaiykgBW/d) by the product ofthe energy 
composition of young grasses (1.3 kcal/g wet wt.) 
and assimilation efficiency (0.76) per Figure 4-7 
(EPA 1993f). 
EPA (1993f); assumed to be vegetative parts. 
Not reported in EPA (1993f); assumed to be 
negligible. 
Value for jackrabbit, estimated percent soil in. 
diet, dry weight (EPA 1993f). 
Adult, both sexes (EPA 1993f). 

' Food ingestion rate (g/g-d), re-expressed as kg/kgB W/d, is assumed not to include ingested soil; therefore, PF+AF = 1.0 

J J 
Table 7-6. Receptor Parameters for White-tailed Deer 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Parameter 

BW 
HR 

TUF 

IRF 

PF 

AF 

SF 

IRw 

Definition 

Body weight (kg) 
Home range (ha) 

Temporal use factor 

Food ingestion rate (g/g-d = kg/kgBW/d)* 

F'lant fraction in diet 
1 • 

/inimal fraction in diet 

Soil fraction in diet 
Water ingestion rate (g/g-d = L/kgBW/d) 

Receptor: White-tailed deer 
(Odocoileus virginianus) 

Value 
56.5 
175 

1 

0.031 

1 

0 

0.02 
0.065 

Reference / Notes 
Sample and Suter (1994). 
Geometric mean of minimum (59) and maximum 
(520) reported in Sample and Suter (1994). 
Will be 1 unless a specific value exists for a 
receptor. 
1.74 kg/d (Sample and Suter 1994) converted to 
g/g-d (=kg/kgBW/d) by dividing by body weight 
of 56.5 kg. 
Exclusively herbivorous (Sample and Suter 1994); 
assumed to be vegetative parts. 
Not reported in Sample and Suter (1994); 
assumed to be negligible. 
Sample and Suter (1994). 
3.7 L/d (Sample and Suter 1994) converted to g/g-
d (= L/kgBW/d) by dividing by body weight of 
56.5 kg. 

' Food ingestion rate (g/g-d) re-expressed as kg/kgB W/d is assumed not to include ingested soil; therefore, PF+AF = 1.0 

V_y 
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Table 7-7. Receptor Parameters for Short-tailed Shrew 
Alabama Army Ammunition Plant Childersburg, Alabama 

Parameter 

BW 

HR 

TUF 

IRF 

PF 

AF 

SF 

IRw 

Definition 

Body weight (kg) 

Home range (ha) 

Temporal use factor 

Food ingestion rate (g/g-d = kg/kgBW/d)° 

Plant fraction in diet 

Animal fraction in diet 

Soil fraction in diet 

Water ingestion rate (g/g-d = L/kgBW/d) 

Receptor: Short-tailed shrew 
(Blarina brevicauda) 

Value 

0.017 

0.36 

1 

0.56 

0.13 

0.87 

0.13 

0.223 

Reference / Notes 

Arithmetic mean of means, both sexes, fall and 
summer, westem Pennsylvania (EPA 1993f). 

Maximum, adult female, summer, Michigan 
(EPA 1993f). 

Will be 1 unless a specitic value exists for a 
receptor. 

Arithmetic mean of adults, both sexes, 25° C, 
Wisconsin (EPA 1993f). 
June through October, New York (EPA 1993f); 
assuming vegetative parts and fimgi. 

June dirough October, New York (EPA 1993f); 
assuming 100% earthworms. 

Tahnadge and Walton (1993). 

Adult, both sexes, Illinois, lab (EPA 1993f). 

' Food ingestion rate (g/g-d), re-expressed as kg/kgB W/d, is assumed not to include ingested soil; therefore, PF+AF = 1.0 

Table 7-8. Receptor Parameters for American Woodcock 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Parameter 

BW 

HR 

TUF 

IRF 

PF 

AF 

SF 

IRw 

Definition 

Body weight (kg) 

Home range (ha) 

Temporal use factor 

Food ingestion rate (g/g-d = kg/kgBW/d)° 

Plant fraction in diet 

Animal fraction in diet 

Soil fraction in diet 

Water ingestion rate (g/g-d = L/kgBW/d) 

Receptor: American woodcock 
(Scolopax minor) 

Value 

0.197 

32.4 

1 

0.77 

0 

1 

0.104 

0.1 

Reference / Notes 

Arithmetic mean, both sexes, adults (EPA 1993f). 

Adult, both, summer, Wisconsin (EPA 1993f); 

Will be 1 unless a specific value exists for a 
receptor. 

Adult, both sexes, winter (EPA 1993f); assumed 
to be earthworm. 

N. Carolina and Alabama in winter, Maine in 
summer (EPA 1993f). 

Invertebrates (EPA 1993f). 

Estimated percent soil in diet, dry weight. 
Table 4-4 (EPA 1993f). . 

Adult, male and female, estimated (EPA 1993f). 

° Food ingestion rate (g/g-d), re-expressed as kg/kgB W/d, is assumed not to include ingested soil; therefore, PF+AF = 1.0 
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Terrestrial Top P'edators—Top predators are exposed primarily to COPECs that have 
' \ ^ accumulated in their prey. Terrestrial top predators (e.g., red fox, Vulpes vulpes, and red-tailed 

hawk, Buteo jamaicensis) feed primarily on terrestrial prey. Receptor profiles are found in 
Tables 7-9 and 7-10. Some terrestrial predators, such as the red fox, but not the red-tailed hawk, 
also may incidentally consume soil. Foxes and ha\vks are assumed to forage over an area that is 
large relative to that ofa single ALAAP ERA exposure unit, so their exposure includes the fiaction 
of their diet that comes from the contaminated area, which is estimated as a function of *he size of 
the home range relative to the sizes ofexposure unit(s). Home ranges are values selected from the 
literature {e.g., EPA 1993f) based on professional judgment. The selected values are judged to be 
most appropriate for the site based on an understanding ofthe ecological characteristics at ALAAP. 
When mori; than one publisihed value is deemed appropriate, an intermediate value was chosen. For 
example, the maximum home range reported for adult female shrews for summer in southem 
Michigan bluegrass habitat (0.36 ha) was selected because it was intermediate in the range of values 
for male and female shrews (0.1 to 1.8 ha) in the setting considered most similar to ALAAP habitat. 

Selection of the aquatic receptors was facilitated by the results of the ALAAP field work. 
Methods aie described in Section 3, and the results ofthe fish shocking and seining are provided in 
Table 7-11. Nine species offish were observed among over 280 specimens. Table 7-12 shows the 
results of the sfream macToinvertebrate sampling. Numerous taxa were observed among the 
approximately 540 specimens collected. Both surveys show that there are many species and 
individuals of aquatic organisms. 

V ^ The aquatic exposure classes and their ecological receptors for the ALAAP ERA are as 
follows: 

o Vegetation (no specific receptor identified) 

o Sediment-dwelling invertebrates 
- Crayfish 

o Aquatic animals 
- Golden shiners 

• Piscivorous predators 
- Great blue heron 

Mink. 

Aquatic Vegetatiorii—Aquatic plants primarily are exposed by direct contact to COPECs in 
the surface water or sediment. For tiie ALAAP ERA, it is assumed that floating plants 
(e.g., duct^eed) would be exposed to the full surface water concentration and that rooted plants 
(e.g., pondweed) would be exposed to the concentiation of COPECs in sediment pore water. 
Nevertheless, no aquatic \'egetation was quantitatively evaluated in tiie ERA because tiie readily 
available toxicity base was so small. 
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Table 7-9. Receptor Parameters for Red Fox 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Parameter 

BW 

HR 

TUE 

IRF 

PF 

AF 

SF 

IRw 

Definition 

Body weight (kg) 

Home range (ha) 

Temporal use factor 

Food ingestion rate (g/g-d = kg/kgBW/d)° 

Plant fraction in diet 

Animal fraction in diet 

Soil fraction in diet 

Water ingestion rate (g/g-d = L/kgBW/d) 

Receptor: Red fox 
(Vulpes vulpes) 

Value 

4.69 

596 

1 

0.069 

0.046 

0.954 

0.028 

0.085 

Reference / Notes 

Arithmetic average of means, both sexes, spring, 
Illinois (EPA 1993f). 

Adult, female, spring, minimum; Minnesota 
(EPA 1993f). 

Will be 1 unless a specific value exists for a 
receptor. i 

Adult, non-breeding. North Dakota (EPA 1993f). 

Illinois farm/woods, spring, % wet weight 
(EPA 1993f); assumed to be reproductive parts. 

Illinois farm/woods, spring, % wet weight, 
including unspecified/other (EPA 1993f). 

Estimated percent soil in diet, dry weight 
(EPA 1993f). 

Arithmetic mean, adult, both sexes (EPA 1993f). 

'.Food ingestion rate (g/g-d), re-expressed as kg/kgB W/d, is assumed not to include ingested soil; therefore, PF+AF = 1.0 

Table 7-10. Receptor Parameters for Red-tailed Hawk 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Parameter 

BW 

HR 

TUF 

IRF 

PF 

AF 

SF 

IRW 

Definition 

Body weight (kg) 

Home range (ha) 

Temporal use factor 

Food ingestion rate (g/g-d = kg/kgB W/d)" 

Plant fraction in diet 

Animal fraction in diet 

Soil fraction in diet 

Water ingestion rate (g/g-d = L/kgBW/d) 

Receptor: Red-tailed bawii 
, (Buteo jamaicensis) 

Value 

1.13 

697 

1 

0.11 

0 

1 
0 

0.057 

Reference / Notes 

Arithmetic mean, female and male, Michigan 
(EPA 1993f). 

Mean, adults, both sexes, winter, Michigan 
(EPA 1993f). 

Will be I unless a specific value exists for a 
receptor. 

Adult female, winter, Michigan, captive outdoors 
(EPA1993f). 

Not stated in EPA (1993f); assumed to be 
negligible. 

Prey brought to nests (EPA 1993f). 

Not stated in EPA (1993) and Beyer et al. (1994); 
assumed to be negligible. 

Arithmetic mean, both sexes, estimated 
(EPA 1993f). . 

' Food ingestion rate (g/g-d), re-expressed as kg/kgB W/d, is assumed not to include ingested soil; therefore, PF+AF = 1.0 
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W 
Table 7-11. Results of Fish Sampiing at A U ^ P : Species Compositions 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Fish Species 

Bluegill 
Channel Catfish 

1 Golden Shiner 
Green Sunfish 

Largemouth Bass 

Longear Sunfish 
Redbreast Sunfish 
Redear Sunfish 
Warmouth 

Totals 

Study Areas and Sampling locations 
Backgiround 

Fanning Branch 
(near bridge) 

8 
— • • 

— 

6 

1 
— 

5 
1 
4 

lii 

21 

Red Water 
Ditch 

(elbow) 

— 
— 

• 47 
27 
.— 
— 
— 
— 
— 

74 

26 

Crossover Ditch 
Lower 
(SW03) 

3 
^ 

— 

12 
— 
— 

2 

1 
— 

18 

Upper 
(SWOT) 

17 
— 

6 
— 

4 
— 
— 

5 

2 
34 

2T 

Beaver 
Pond 
(east) 

10 
1 

35 
66 
— 
— 
— 
— 

7 

118 

Talladega 
Creek 

(SW24) 

5 
2 
— 
— 
— 

3 
2 
1 

— 

13 

Sums 

43 

2 
88 

111 
5 
3 

9 
8 

• 13 
282 

Bluegill (15°/!.), golden shiners (31%), and green sunfish (40%) equal 86% of nine species. 

J J 

Table 7-12. Results of Stream Macroinvertebrate Sampling at ALAAP: 
Species Compositions 

Alabama Army Ammunition Plant, Childersburg, Alabama 

Macroinvertebrate 
Taxa 

Worms 
Mollusks 

Clams 
Snails 

Arthropods 
Flies 
Caddisflies 
Mayflies 
Damselflies 

Stoneflies 
All others 
(dragonflies, 
beetles, bugs) 

Totals 

Study Areas and Sampling Locations 
Background 

Fanning Branch 
(near bridge) 

— 

1 
— 

14 
71 
2 

—: 

15 

21 

124 

21 

Red Water 
Ditch 

(elbow) 
24 

— 
— 

45 
1 

. 2 
50 
— 

12 

134 

26 

Crossover Ditch 

Lower 
(SW03) 

— 

34 
— 

37 
19 
20 
1 

— 
14 

125 

Upper 
(SWOT) 

4 

— 
1 

15 
1 
3 
1 

— 
12 

3T 

2T 

Beaver 
Pond 
(east)" 

' 

Talladega 
Creek 

(SW24) 

1 

1 
4 

35 
16 
60 

3 
1 

121 

Sums 

29 

36 
5 

146 
108 
87 
52 

18 
60 

541 

v_y Not sU^am 
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Sediment-DweUing Invertebrates—Sediment-dweUing invertebrates (e.g., crayfish) are 
assumed to be exposed to sediment and sediment pore water by multiple routes. The toxicity 
threshold concentrations for COPECs in sediment for the ALAAP ERA are based on all exposure 
routes from sediment to sediment-dwelling invertebrates. Thus, the measured COPEC 
concentration m sediment is used as the estimated.exposure concentration for sediment-dwelling 
invertebrates. 

Aquatic Animals—^Aquatic animals are exposed primarily to COPECs in surface water and 
in the food they ingest. The exposure concentration in the risk analysis for these animals is assumed 
to be equal to the measured environmental concentration. It is assumed that, except for sediment-
dwelling invertebrates (discussed earlier), aquatic animals are exposed to the full concentration in 
surface water by direct contact and all other pathways. Although sediment-ingesting fish are 
exposed to contaminants in both sediment and surface water, there are no known dietary toxicity 
data for such fish. Therefore, the exposure of sediment-ingesting fish is considered together with 
the other aquatic animals, and no exposure specific to sediment ingestion is calculated for these 
receptors. 

Piscivorous Predators—Fish-eating predators are exposed primarily to COPECs that have 
accumulated in their prey. Mink (Mustela vison. Table 7-13) and great blue herons 
{Ardea herodias. Table 7-14) feed on crayfish and other fish species. Mink also feed on some 
terrestrial animals. 

The receptor populations—earthworms, shrews, rabbits, woodcocks, deer, foxes, red-tailed 
hawks, shiners, crayfish, mink, and great blue herons—serve as representatives of other species 
potentially exposed by similar pathways to contaminants in surface soil, surface water, sediment, 
and biota at ALAAP. The exposures of all receptor classes to COPECs from the meeisured 
concentrations in the soil, sediment, water, and food, adjusted by exposure factors are estimated in 
the following sections. 

7.4.6 Quantification of Exposure and Exposure Factors 

The concentrations of COPECs in exposure media to which ecological receptors at ALAAP 
and background locations are potentially exposed were quantified for the ERA. The measured 
RME concentrations of COPECs in soil, surface water, sediment, and biota are used to quantify 
exposure to ecological receptors. These are the same concentrations used to calculate risk in the 
human health risk assessment. The RME concentration is the lower of the maximum detected 
concentration and the upper 95* percentile confidence limit on the mean (UCL95). The RME is a 
conservative estimate of the central tendency of the distribution of contaminant concentrations in 

" samples, especially in those cases in which the maximum detected concentration is smaller than the 
UCL95. The measured COPEC concentration data for soil at tiie terrestrial study areas and for 
sediment and surface water at the aquatic study areas are summarized in tables preceding the study 
area-specific risk results by media in Appendix O. 
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Table 7-13. Receptor Parameters for Mink 
Alabama Army Ammunition Plant Childersburg, Alabama 

Parameter 

BW 

HR 

TUF 

IRF 

PF 

AF 
SF 

IRw 

Definition 

Body weight (kg) 

Home range (km) 

Temporal use factor 

Food ingestion rate (g/g-d = kg/kgB W/d)" 
F'lant fraction in diet 

Animal fraction in diet 

Soil fraction in diet 

Water ingestion rate; (g/g-d = L/kgBW/d) 

Receptor: Mink 
(Mustela vison) 

Value 
0.795 

2.24 

1 

0.14 
0 

r 

1 
0 

0.105 

Reference / Notes 
Arithmetic average, both sexes, adult, summer, 
Montana (EPA 1993f). 
Arithmetic average, adult, both sexes, stream, 
Sweden (EPA 1993f). 
Will be 1 unless a specific value exists for a 
receptor. 

Adult, both sexes, winter, Michigan (EPA 19930-
Vegetation reported as 1% of gut contents, river, 
year round, Michigan (EPA 1993f); assumed to 
beO. 

River, year round, Michigan (EPA 1993f). 
Not listed in EPA (1993f); assumed to be 0. 
Arithmetic average, both sexes, adult 
(EPA 1993f). 

' Food ingestion rate (g/g-d), re-exprassed as kg/kgB W/d, is assumed not to include ingested soil; therefore, PF+AF = 1.0 

J J Table 7-14. Receptor Parameters for Great Blue Heron 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Parameter 

BW 

HR 

TUF 

IRF 

PF 
AF 

SF 

IRw 

Definition 

Body weight (kg) 

Home range (km) 

Temporal use factor 

Food ingestion rate (g/g-d = kg/kgB W/d)" 

F'lant fraction in diet 
/mimal fraction in diet 

5loil fraction in diet 

>Vater ingestion rate (g/g-d = L/kgBW/d) 

Receptor: Great blue heron 
(Ardea herodias) 

Value 
2.39 

3.1 

1 

0.18 

0 
1 

0 

0.045 

Reference / Notes 
Arithmetic mean, adult, both sexes, location not 
stated (EPA 1993f). 
Foraging distance, mean, adults, both sexes. South 
Dakota, stream (EPA 1993f). 
Will be 1 unless a specific value exists for a 
receptor. 
EPA(1993f). 
None listed as dietary intake in EPA (1993f). 
98% aquatic vertebrates, lower Michigan, river 
(EPA 1993f). 
Not reported in EPA (I993f); assumed to be 
negligible. 
Estimated (EPA 1993f). 

Food ingestion rate (g/g-d), re-exjjressed as kg/kgB W/d, is assumed not to include ingested soil; therefore, PF+AF = 1.0 

v ^ 
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Measured COPEC concentrations in terrestrial biota (rabbits) and aquatic biota (crayfish and 
fish) are used to estimate exposure of terrestrial top predators and piscivorous predators in two 
ways. First, measured body burdens are used directiy to estimate the concentration of COPECs in 
the food items of predators foraging at the study areas where samples were collected. Second, the 
ratio of the body burden measurements and measured concentrations of COPECs in abiotic media 
from sampled study areas are used to estimate the bioaccumulation factors for those COPECs at 
study areas where no samples were collected. In addition, published bioaccumulation factors were 
used to derive exposure factors for ecological receptors; estimated ALAAP-specific 
bioaccumulation factors also were used. Quantification of exposure is further explained in the 
following section. 

Rabbits collected from ALAAP background locations (BR-BK-001; BR-BK-002) and 
Study Areas 8 (BR-08-001 to -003), 10 (BR-10-001 to -003), 16 (BR-16-001 to -002) and 
17 (BR-17-001, -002, and -004) were analyzed for chemicals. Twelve inorganic and three organic 
contaminants were detected in rabbits from one or more of the study areas. Fish from ALAAP 
background locations (BF-BK-001 to -010) and Stiidy Areas 21 (BF-21-007 to -Oil), 
26 (BF-26-001 to -Oil, -013, -015, and -017 to -020), and 27 (BF.27-001 to -010) were analyzed 
for chemicals. Crayfish were collected from background (BC-BK-001, -002, -004) and Study 
Areas 26 (BC-26-001 to -004 and -008) and 27 (BC-27-001, -002, -004, and -005). Eleven 
inorganic and six organic contaminants were detected in fish from one or more study areas (see 
Section 4). 

7.4.6.1 Exposure Variables and Factors 

The exposure of an endpoint receptor to a chemical in surface soil, sediment, or surface 
water at ALAAP was quantified using measured concenfrations in the envfronment and exposure 
variables/exposure factors (EFs). EFs are estimates of a receptor's exposure per unit 
concenfration of COPEC in the sampled source or exposure medium. Exposure factors 
numerically represent the dilution and magnification of contaminant concenfrations that 
potentially occur along the pathways from source media to the exposed organism. For example, 
if a receptor obtains one-half (50 percent) of its food from an area where the soil contains one 
unit of a substance, the receptor's food bioaccumulates the substance four times over the soil 
concenfration (a Bioaccumulation Factor [BAF] of 4), and the receptor absorbs 100 percent of 
the substance in the food, the receptor would have an exposure factor of 2 for that contaminant 
(0.5 X 4 X 1.0 = 2). The exposure concenfration for an endpoint receptor is obtained by 
multiplying the measured chemical concenfration in a given medium (RME concentration) by 
exposure factors for the endpoint receptor and the COPEC. 

Exposure factors are based on published information on diets, the bioaccumulatioii potential 
of chemicals, and foraging areas of the receptors. The quantitative exposure parameters used to 
derive EFs for tiie endpoint receptors at ALAAP are provided in the food web (Figure 7-4), life 
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history parameter tables (Tables 7-5 tiirough 7-10, 7-13, and 7-14), and bioaccumulation tables 
(Appendbc O). 

7.4.6.2 Home Ranges 

In Ithe SERA, tiie iu-ea use factor or the relationship of tiie area of the unit to the area of 
the home range is assumed to be 1 for earthworms, cottontail rabbits, shrews, woodcocks, deer, 
foxes, and hawks; tiiis is true for all terrestrial locations. It also is assumed to be 1 for all 
sediment-dwelling biota, aquatic biota, mink, and herons at all aquatic portions of the ALAAP 
study areas. 

7.4.6.3 JExposure Equations 

Exposure variables and factors for terrestrial receptors are defined for exposures to exposure 
unit COPE;CS in soil, sediment, surface water, and the tissues of their prey. The flections of 
ingested matter tiiat is soil (SF), animal matter (AF), and plant matter (PF) are summarized in 
Table 7-15. Red-tailed hawk and great blue herons are considered to ingest negligible amounts of 
plant matter. The estimates of soil ingestion for shrews (0.13) and woodcocks (0.104) are 
conservative estimates based on tiie reported Auction of soil in tiieir diets (Talmadge and Walton 
1993, EPA 1993f). 

Table 7-115. Derivation of Ingestion Rates for Receptors 
Alabama Army Ammunition Plant Childersburg, Alabama 

Receptor 

Eastem cottontail 

White-tailed dei;r 

Short-tailed shr;w 

American woodcock 

Red fox 

Red-tailed hawk 

Mink 

Great blue heron 

IRF 
(kg/TcgBW/d) 

0.205 

0.031 

-0.560 

0.770 

0.069 

0.110 

0.140 

0.180 

TUF 
(unitless) 

' 

PF 
(unitless) 

1.00 

l.OO 

0.13 

0.00 

0.05 

0.00 

0.00 

0.00 

(kg^cgBW/d) 
IRF X T U F X PF 

2.05E-01 

3.1 OE-02 

7.28E-b2 

O.OOE+OO 

3.I7E-03 

O.OOE+OO 

O.OOE+00 

O.OOE+OO 

AF 
(unitless) 

0.00 

0.00 

0.87 

1.00 

0.95 

1.00 

1.00 

1.00 

IA 

(kg/kgBW/d) IRF 
X TUF X AF 

O.OOE+OO 

O.OOE+OO 

4.87E-0I 

7.70E-01 

6.58E-02 

l.lOE-01 

I.40E-0I 

1.80E-01 

SF 
(unitless) 

0.06 

0.02 

0.13 

0.10 

0.03 

0.00 

0.00 

0.00 

Is 
(kg/kgBW/d) 

IRF X T U F X SF 

1.29E-02 

6.20E-04 

7.28E-02 

8.0 IE-02 

1.93E-03 

O.OOE+OO 

O.OOE+00 

O.OOE+OO 

IRF = 
TUF = 
PF = 

Ip -

Food ingestion rate 
Temporal use factor 
Plant fraction 
Plant intake rate 

AF = Animal fraction 
IA = Animal intake rate 
SF = Soil fraction 
IS = Soil intake rate 

v_> 
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Exposure equations are presented in the following paragraphs. The general equation is as 
follows: 

Exposure = RME concentiation x (Quantity of ingested food adjusted for COPEC Uptake + 
quantity of soil ingested) x AUF x TUF 

where: 

RME = Reasonable maximum exposure (mg/kg soil) 
AUF = Area use factor, which equals 1 for most receptors (unitless) 
TUF = Temporal use factor, which equals 1 (unitiess), and, therefore, 

TUF does not appear in the following equations because it is a constant of 1. 

The equations for groups of terrestrial receptors exposed to COPECs in soil are as follows: 

Rabbit and deer: Exposure = RME concentrations x (SP x ip + ig) x AUF 

Shrew and woodcock: Exposure = RME concentrations x (SP xlp-t BAFj x I^ -f- Is) x AUF 

Fox and hawk: Exposure = ([RME soil concentration x (SP x jp -i-1̂ )] + 

[RME shrew tissue concentration x (I^)]) x AUF 

where: 

RME shrew tissue concentration = shrew exposure x BAFv/shrew IRp and, 

RME = Reasonable maxmium exposure (mg/kg soil) 

SP = Soil-to-plant uptake factor (kg soil/kg plant) (see Table 0-31) 

Ip = Daily ingestion of plant tissue (kg/kg body wt/d) (see Table 7-15) 

Is = Daily ingestion of soil (kg/kg body wt/d) (see Table 7-15) 

AUF = Area use factor (unitless) (see Tables 7-18 through 7-20) 

BAFi = Bioaccumulation factor or soil-to-animal uptake factor (kg soil/kg animal) 
(see Table 0-32) 

IA = Daily ingestion of animal tissue (kg/kg body wt/d) (see Table 7-15) 

BAFv - Bioaccumulation factor or animal-to-animal uptake factor (kg animal/ 
kg animal) (see Table 0-32) 

IRp = Total daily ingestion (kg/kg body wt/d) (see Table 7-15). 

Ŵ  

v ^ 
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The equation for sediment-dweUing organisms exposed to COPECs in sediment is as 
\ ^ follows: 

Exposure = RME concentration 

where: 

R^̂ [E = Reasonable maximum exposure (mg/kg sediment) 

Likewise, the equation for aquatic organisms exposed to COPECs in water is as follows: 

Exposure = RME concentration 

where: 

RN̂ IE = Reasonable maximum exposure (mg/L water). 

The exposure of mink and great blue herons to COPECs in water was calculated for both 
ingestion of aquatic food and drinking water as the average daily dose (ADD). Dermal exposure is 
expected tci be minor. The equations are as follows: 

J J 
For water: Exposure = RME concentration x Iiĵ  x AUF 

For food: Exposure = RME concenfration x BCF x l^ x AUF 

where: 

Rfv/IE = Reasonable maximum exposure (mg/L) 
BCF = Water-to-animal uptake factor (L/kg tissue) 
IA = Daily ingestion of animal tissue (kg/kg body wt/d) 
AUF = Area use factor, which is assumed to be 1 (unitless) 

Iw = Daily ingestion of water (L/kg body wt/d). 

Bo(iy weights for each receptor, ingestion rates, and conversion factors used to calculate 
dietary exposure are provided in tiie receptor tables (Tables 7-5 tiirough 7-10, 7-13, and 7-14), and 
summarized in terms of ingestion rates in Table 7-15. The fi-action of tiie COPEC detected in 
ingested soil and tissue that is absorbed was assumed to be tiie same as tiiat determined tiirough 
laboratory experiments. C'ontinuous year-round exposure was assumed for all receptors. These 
assumptions are compatible witii tiie conservative nature of tiie SERA, and these assumptions were 
endorsed by EPA during the work plan stage. 

Benchmarks or toxicity reference values for mammals and bfrds in Appendix Tables 0-29 
\ ^ tiirough O-30 are already expressed in mg/kg BW/d. Thus, the comparison of exposure as average 
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daily dose and effects as toxicity reference values are in the same units to permit one-to-one 
comparisons. 

The contaminant-specific values for bioaccumulation for soil-to-plant uptake (SP), soil-to-
animal (BAFj), animal-to-animal tissue (BAFv) and water-to-animal uptake or bioconcentration 
(BCF) are detailed in Appendbc Tables 0-31, 0-32, and 0-266. The BAFs for prey ingested by red 
foxes and hawks are those for small mammals, and those for herons are the reported BCFs for fish. 
Default SPs and BAFs for COPECs without published values are 1 for metals and 1 for organics, 
based on the range of values reported for these types of constituents. Default BCFs are 500 for 
inorganics and 10,000 for organics based on tiie same data (HAZWRAP 1994). These defaults are 
based on professional judgment. 

As stated earlier, it is assumed that there is no dilution or concentration of COPECs for 
earthworms exposed to soil and aquatic receptors exposed dfrectiy to sediment and surface water. 
Therefore, exposure for eaithworms and aquatic receptors is equal to the media concentration. 
When exposures of predators to aquatic prey are modeled, bioconcentration factors are used, as 
provided in Appendix Tables 0-31 and 32. 

The RME concentrations used to estimate exposure are provided beginning with Appendix 
Table 0-1 for single study areas and Appendbc Table 0-19 for aggregated study areas. 

7.4.7 Summary of Exposure Assessment 

The RME concentrations of COPECs in surface soil, sediment, and surface water at ALAAP 
are multiplied by exposure factors to estimate exposure concentrations for each endpoint receptor. 
Exposure factors are an estimate of the exposure of receptors to COPECs on a per-unit-COPEC-
concentration basis. Exposure concentrations are the concentrations of COPECs in these abiotic 
media and thefr prey to which the endpoint receptors are exposed. These exposure concentrations 
are compared to published toxicity threshold concentrations (Section 7.5) to characterize the risks to 
endpoint receptors from dfrect and indirect exposure to COPECs in envfronmental media at 
ALAAP (Section 7.6). 

7.5 EFFECTS ASSESSMENT 

The purpose ofthe effects assessment, the tiifrd step in EPA's fi-amework for conducting 
ERAs, is to document and evaluate the effect on and response of ecological receptors to COPECs. 
This is requfred to evduate the assessment endpoints. The effects assessment section for ALAAP 
includes the following: 

• Description of the general adverse effects on receptors from exposure to contaminants 
(Section 7.5.1) 

• Description ofthe toxicity tests conducted at ALAAP (Section 7.5.2) 
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• Identification of toxicity thresholds for use in risk quotients (Section 7.5.3). 

7.5.1 General Effecte of COPECs on Ecological Receptors 

Toxic effects on individual organisms can adversely affect receptor populations by 
decreasing reproduction rates, reducing the viability of offspring, causing alterations in behavior 
pattems, or increasing susceptibility to disease. Contaminants also may decrease the ability of a 
population to persist without individual adult organisms suffering any dfrect lethal effects from 
exposure to the chemical. These indfrect effects are difficult to predict and are not evaluated in the 
ERA for ALAAP. The ERA focuses on the dfrect effects of exposure of receptor populations to 
COPECs in soil, surface water, sediment, and biota. Inorganic elements (metals) and organic 
compounds, including explosives, qualified as COPECs at ALAAP. The effects ofthese COPECs 
on plant and animal receptors at ALAAP are summarized in the following paragraphs. COPECs are 
CEBs, as shown in Section 4 for each study area. 

Melals produce a diversity of adverse physiological and behavioral effects on receptors 
exposed UBider natural conditions. The diverse effects of metals on animals usually result from 
either impairment of kidney fimction or poisoning of the nervous system. Most inorganic salts of 
metals (e.g., mercuric sulfide) are toxic to the kidneys; most organometalllc forms 
(e.g., methj'lmercury) are neurotoxic (Cockerham and Shane 1994). Moreover, the dose-response 
relationship! for a given metal often differs among receptors because of the different abilities of 

\ ; organisms to detoxify the raetal or eliminate it from thefr bodies, as well as the differences in how 
the receptor interacts with its envfronment. For example, those organisms with complex mating or 
foraging behaviors may be adversely affected by a neurotoxic metal at a lower exposure 
concentration than organisms with less complex behaviors. For example, the egg-laying behavior 
of mallards is impafred at exposure concentrations of methyhnercury that are lower than those that 
apparently cause no ecological effect on earthworms (Eisler 1987a). 

Many organic compounds are reported to cause a wide variety of adverse biological effects 
under laboratory conditions, including tumors, disruption of metabolism, and reduction of growth 
and survivaJ. Polycyclic aromatic hydrocarbons (PAHs) have been reported to cause increased liver 
weights and blood flow to the liver in adults and increased mortality, reduced growth, and increased 
skeletal and morphological defects in juvenile mallards (Eisler 1987b). PAHs cause genetic, 
immunopatiiic, and teratogenic effects in mice. 

Explosives and their derivatives detected in soil, sediment, and surface water at ALAAP are 
organic compounds, but tiiere is less infomiation about thefr effects on biota tiian for organics, 
including pesticides and PAHs. It is assumed that explosives will have similar types of effects on 
ecological receptors as other organic contaminants. 

V ^ 

Unlike human healltii risk assessment, carcinogenicity of COPECs in animals is of much 
lesser concem. Although botii metals and organic compounds can be carcinogenic to nonhuman 
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biota, animals with chemical-induced cancers could reproduce before the cancer has progressed 
sufficiently to kill the organism. Thus, dfrect impact may be small on the receptor population. 
Incidence rates of carcinogens would have to be large to adversely affect most populations. The 
carcinogenicity of COPECs is not considered when establishing effects thresholds for nonhuman 
endpoint receptors at ALAAP. Ratiier, the emphasis is on toxicity. 

7.5.2 ALAAP Ambient Media Toxicity Teste 

Site-specific toxicological studies were conducted to determine whether the concentrations 
of COPECs in ALAAP media are toxic. The first round was conducted during the Phase 1 
Supplemental RI in June 1995 and consisted of Stage I and Stage II. The second round was 
conducted during Phase 2 in June 1996 and consisted of only one set. Bioassays were conducted in 
support of the RI under the Army and regulator guidance available at the time and with the 
consensus ofthe ALAAP stakeholders. Recent guidance recommends that bioassays be conducted 
during the BERA, but does not prohibit them in earlier screening-level ERAs. A range of site 
concentrations was included in the 1995 bioassays (when most bioassays vvere performed). The 
approach to the 1996 bioassays (when fewer bioassays were performed) was to identify the highest 
observed concentrations to increase the range of the 1995 data. Only a few abiotic measurements 
were available in 1995. Between the 1995 and 1996 bioassays, many more abiotic measurements 
were taken and, therefore, locations witii high concentrations could be identified for the additional 
bioassays. This 2-year approach proyided concentrations ranging from background or reference 
through intermediate to high. 

Two types of terrestrial media toxicity tests were conducted for the ALAAP Area B ERA. 
Earthworm survival {Eisenia foetida) and seed germination {Arabidopsis thaliana) tests were 
conducted at five locations, as shown in Figure 3-6. Sediment and surface water media toxicity 
tests were conducted at sbc locations (Figure 3-6) during Phase 1. The sediment toxicity tests 
consisted ofa 10-day, Hyalella azteca test that measured survival, according to methodology ofthe 
American Society for Testing and Materials (ASTM) (ASTM 1994). The surface water chronic 
toxicity tests included two procedures following EPA methods (EPA 1989f). The first tests were 
7-day, static-daily renewal, larval fathead miimow {Pimephales promelas) tests, which measured 
survival and growth. The second test was a Ceriodaphnia dubia, three-brood test, which measured 
survival and reproduction. More details about the methods are found in Appendbc H. 

No ecotoxicity was observed in the soil using the two bioassays (Table 7-16). Likewise, no 
ecotoxicity was found in the surface water. The sediment showed slight toxicity during the first set 
(Stage I) of bioassays. Therefore, only the sediment bioassays were conducted again (Stage II). 
The second phase bioassays showed no sediment toxicity. See Appendbc H for the detailed report. 
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Table 7-16. Results of ALAAP-Specific Bioassays from June 1995 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Bioassay 

Soil earthwonn (14-day) 

Soil seed germination (5-day) 

Surface water Ceriodaphnia (7-<lay) 

Surface water Pimephales (7-day) 

Sediment Hyalella (10-day) 

Number of 
Locations 

5 

5 

3 

3 

3 

Major Findings 

Phase 1 

No toxicity 

No toxicity 

No toxicity 

No toxicity 

Slight toxicity' (June) 

Phase 2 

— 

— 

— 

— 

No toxicity (August) 

— = No need to conduct because Stage I was negative 
' Slight toxicity found at Study Area 21 (elbow) ahd Study Area 26 

J^ 

A second round of bioassays was conducted in June 1996 (Figure 3-7). They consisted of 
earthworm survival and seed germination tests and also Hyalella and Ceriodaphnia tests. They 
were performed on media taken from places where the maximum concentration of COPECs was 
located. Results are summarized in Table 7-17. See Appendbc H for the detailed reports. 

Table 7-17. Results of ALAAP-Specific Bioassays from June 1996 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Bioassay 

Soil earthwonn (il4-day) 

Soil seed gennimition (S-day) 

Surface water Ceriodaphnia (7-day) 

Sediment Hyalella (10-day) 

Number of 
Locations 

5 

5 

3 

3 

Major Findings 

Slight toxicity 

Slight toxicity 

Some toxicity 

No toxicity 

JJ 

Findings from thest; site-specific bioassays added valuable information to the ecologiceil risk 
assessment. For example, highest observed concentration or dose data from ALAAP toxicity tests 
were used to derive thresholds for ecological remedial goal options (ecoRGOs) when the observed 
no-effect c;oncentration was greater tiian the ecoRGOs based on the published no-effect level. 
Section 7.10 provides more details on ecoRGOs. 

7.5.3 Toxicity Thresholds 

The effects assessment for tiie ALAAP ERA relies on two different types of toxicity 
informatioa. At some study areas, site-specific subchronic bioassays were used to assess tiie 
presence or absence of adverse effects on a few receptors, especially seeds, earthwomis, aquatic 
biota, and sediment-dwelliiig biota, and to show a no-effect concentiation level. For most receptors, 
published toxicity data were used to evaluate effects from chronic (long-term) exposure and to 
characteri2;e risk, using risk quotients. 
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Threshold concentrations were associated with the LOAELs or other low-level effects 
measurement. Assessment endpoints for the ALAAP ERA are concemed with non-threatened and 
endangered (non-T&E) species, and thus, are evaluated in terms of effects on individual prganisifrs 
and populations of receptor species. 

7.5.3.1 Soil 

Toxicity thresholds for terrestrial plants were obtained from the published compilation 
literature (Will and Suter 1995a). Toxicity thresholds to evaluate the assessment endpoint for 
terrestiial vegetation (Assessment endpoint 2) were obtained from tiie published lowest observed 
effects concentrations (LOECs) in this data set. These and other terrestrial toxicity thresholds are 
provided m the risk characterization tables for soil in Appendbc Table 0-27. 

Will and Suter (1995b) provide data on tiie effects of contaminants on soil invertebrates, 
especially earthworms, for use as toxicity thresholds. Toxicity tiiresholds tp evaluate the assessment 
endpoint for soil-dwelling invertebrates (assessment endpoint 3) were obtained from thefr published 
LOECs. Toxicity thresholds are provided in the risk characterization tables for soil in Appendbc 
Table 0-28. 

Toxicity thresholds for animal receptors exposed to COPECs in soil by ingestion of soil or 
prey were based on published dietary limits for selected wildlife species. The dietary limits for the 
short-tailed shrew, woodcock, rabbit, deer, and red-tailed hawk (Assessment endpoints 4, 5, and 6) 
are those reported in Sample et al. (1996) or calculated fit)m COPEC toxicity data published in 
elecfroiuc databases (NLM 1992; NIOSH 1992) using the methods described in Opresko et al. 
(1995). The published benchmarks values are based on no-observable-adverse-effects levels 
(NOAELs). These dietary limits are provided in Appendbc Tables 0-29 and O-30. 

7.5.3.2 Sediment 

Toxicity thresholds for sediment-dwelling invertebrates were determined in previously 
published sediment effects thresholds. These "effects levels" are concentrations associated with 
certain percentages of sediment-associated species experiencing adverse effects. National Oceanic 
and Atinospheric Administration (NOAA) Effects Range (ER) values were derived using compiled 
data from independent studies "in which effects were either predicted or observed in association 
with increasing concentrations" ofa substance in sediment (Long and Morgan 1991). The risk to 
sediment-dwelling invertebrates (Assessment endpoint 8) was evaluated using Effects Range-Low 
(ER-L) values, which are interpreted as the concentrations above which adverse effects were 
observed in 5 percent ofthe reported cases. ER-Ls are provided in the risk characterization tables 
for sediment in Appendbc Table 0-265. ER-Ls incorporate exposure of all exposure routes 
associated with sediment-dwelling invertebrates (Table 7-4). In the absence of ER-Ls, other 
sediment values are used (see Appendix Table 0-265). 
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Toxicity thresholds; for piscivorous predators exposed to COPECs in sediment by ingestion 
of prey (Assessment endpoint 11) were based on published dietary limits for mink and great blue 
herons reported in Sample et al. (1996). The published benchmark values are based on NOAELs 
(Appendbc Tables 0-29 and O-30). 

7.5.3.3 Surface Wateir 

To;cicity benchmarks for aquatic biota exposed to surface water are the National Ambient 
Water QuiUity Criteria (NAWQC) chronic or Tier II chronic values, as reported in Suter and 
Tsao (1996). NAWQC and Tier II values incorporate exposure by all exposure routes associated 
with aquatiic animals (Table 7-4). These thresholds are concentrations associated with protection of 
aquatic life, but in some cases do not protect all populations from adverse effects. COPECs 
exceeding the surface wai;er threshold are considered COCs for non-T&E species (Assessment 
endpoints 7, 9, and 10). Toxicity threshold values for surface water at ALAAP are provided in the 
risk characterization tables for surface water in Appendbc Table 0-293. 

Tojcicity thresholds for terrestrial animals ingesting contaminants in surface water also were 
used (Sample et al. 1996). These toxicity thresholds were used to evaluate the risk to herbivorous 
mammals :ingesting surface water at ALAAP (Assessment endpoint 4). For some COPECs, the 
great blue Jieron had dietary thresholds for the combined exposure to surface water and aquatic prey 
given in teims of mg/kg BW/d. The effects data are provided in Appendbc Tables 0-29 and O-30. 

To}cicity thresholds for piscivorous predators exposed to COPECs in surface water by 
ingestion of prey (Assessment endpoint 11) were based on published drinking water limits for great 
blue herons and mink reported in Sample et al. (1996), which are derived fix)m dietary limits. The 
published benchmark values are based on NOAELs (Appendbc Tables 0-29 and O-30). 

7.5.4 Body Weight Conversions 

Body weight is an integral part of the imits of the exposure equations expressed as average 
daily dose~mg/kg BW/d. Because toxicity is related to metabolic rate, which depends on body 
weight, toxicity benchmarks can be adjusted to the body weight of the receptor by apply mg a 
scaling factor. EPA Region IV provides guidance to exclude body weight conversions from 
SERAs. By contrast, bod>-weight conversions are recommended for use in the subsequent BERA. 
Body-weig;ht conversions add more conservatism to the toxicity reference value (TRV) when the 
field receptor is larger than the laboratory test organism (e.g., cottontail in field versus mouse in 
laboratory). The converse, less conservative TRVs, occurs when the field receptor is smaller than 
the laboratory test organism. Regardless, no body weight conversion was done in the SERA. 

7.5.5 Summary of Ecological Effecte Assessment 

The toxicity of metals and organics, including explosives, is the primary concem at 
ALAAP. Some metals and organic compounds accumulate in organisms and can have subtie 
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deleterious effects over long exposure times. Chemicals in the ecosystem may be dfrectiy toxic to 
biota, resulting in sickness, impafred rieproduction, or death, thus decreasing the ability of a 
population to persist. ' 

Toxicity tests of ALAAP soil, surface water, and sediment at selected locations showed no 
toxicity for soil and water and limited toxicity for sediment in Phase 1 and no toxicity in follow-up 
studies (Stage II in 1995). By conti^t, tiie second set, conducted during Phase 2 (1996), did show 
toxicity because samples were taken from the place of highest concentration (not known in 1995). 
The various doses from a range of media concentrations and the various responses from a range of 
bioassay results will be used to develop ecoRGOs (see Section 7.10). There is a deliberate range of 
concentrations with no attempt to limit the concentrations to hot spots. In fact, it is the opposite 
approach, so that a range of concentrations is obtained between background and maximum 
concentrations. Within this range of conditions, the dose/response relationship that shows no effect 
constitutes a lower bound or NOAEL condition. That dose-response relationship that shows a small 
effect constitutes an upper bound or LOAEL condition. The ecoRGO is an interpolated value 
between these two conditions. 

Note that bioassays are used to develop ecoRGOs for some of the ecological receptors: 
earthworms (earthworm bioassay) and plants (germination bioassay) in soil, sediment-dwellers 
{Hyallela bioassay) in sediment, and aquatic life (water flea bioassay) in surface water. This is done 
for COCs (HQs > 1). The above approach is used in setting the ecoRGOs when a particular 
receptor in these media requfres protection. 

There are other receptors where a different approach is used. These receptors are small 
mammals and.birds. Here, the approach is not a bioassay approach, but rather a mathematical 
approach of using the exposure equation for computing the HQ, but to rearrange it and solve for that 
soil concentration associated with the HQ set at 1. Thus, this is a computed ecoRGO. 

The toxicity benchmarks used as effects thresholds for the evaluation of assessment 
endpoints for shrew, woodcock, rabbit, deer, red-tailed hawk, great blue heron, and mink are dietary 
limits based on NOAELs for test organisms (Sample et al. 1996). 

Sedimient-dwelling benthic invertebrates are evaluated initially using ER-Ls. NAWQC 
chronic and Tier II chronic values, which are associated with protection of aquatic animal exposed 
by all routes, are toxicity thresholds for non-T&E species exposed to COPECs in surface water. 

7.6 RISK CHARACTERIZATION FOR ECOLOGICAL RECEPTORS 

Risk characterization, the fourth step in the EPA ERA process, contains the following: 

• Integration of exposure point concentrations and effects thresholds on receptor 
organisms in the assessment endpoints (Section 7.6.1) 
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• Summarization of risk, and interpretation of the ecological significance of these 
findings for current (Section 7.6.2) and future (Section 7.6.3) conditions. 

Risk characterization compares exposures to effects to estimate the likelihood or risk of 
harm to plants and animals. The HQs form the quantitative basis of this risk characterization. The 
use of HQs to calculate tiie risks to ecological receptors is supported by available guidance 
(EPA1991eandl992f). 

7.6.1 Integration of Exposure Point Concentrations and Effecte Thresholds 

Exjposure point concentrations are derived by multiplying the measured envfronmental 
concentration (represented by the RME) by the variables in the exposure equations. As explained 
earlier, the exposure vaiiables and factors incorporate likely adjusbnents to the measured 
envfronmental concentration (e.g., portion of ingestion diet that comes from contaminated prey in a 
given study area on ha^\ks). The effects information is expressed as the toxicity threshold 
concentration. Thus, HQs compare the exposure point and toxicity threshold concentrations, as 
follows: 

HQ = Envfronmental Concentration x Exposure Variables 
Toxicity Threshold Concentration 

Wliere an HQ could not be calculated because insufficient data were available to establish a 
toxicity thireshold, COPECs are carried through the risk characterization as COPECs of uncertain 
risk to ecological receptore. Eventually, they are handled as an element of uncertainty and not 
considered fiirther. 

In Ithe SERA (Section 7.6), the HQ is calculated as tiie ratio ofthe RME point concentration 
or dose and the toxicity tiireshold is equivalent to NOAEL. In general, screening-level HQs > 1 
indicate that some individual receptors are potentially exposed at levels that potentially cause an 
adverse effect ofthe type measured as the endpoint ofthe toxicity test from which tiie NOAEL was 
derived. Fiirther, a screeniag-level HQ < 1, according to EPA guidance (EPA 1997a), indicates the 
substance alone is unlikel)' to cause adverse ecological effects. While there is imcertainty about the 
true value of botii concentrations used in the HQ, screening-level HQs calculated in tiiis way are 
accepted by EPA as conservative. The use ofthese HQs as decision criteria for screening-level risk 
assessments (i.e., an HQ > 1 means the substance is a COPEC) is appropriate and reasonable 
because ttie penalty for being too conservative (fiirther evaluation of substance) will typically be 
less tiian the potential cost of not coirectiy identifying a substance as a COPEC when in fact it is a 
COPEC (unremediated risk). 

fri tiie BERA (Section 7.7), tiie HQ is calculated as tiie ratio of tiie average exposure point 
concentraiion or dose and a toxicity threshold equivalent to a concentiiation or dose associated with 
some level of adverse effect (LOAEL). In general, baseline HQs > 1 indicate tiiat some individual 
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receptors are likely exposed at levels that caused an adverse effect of the type measured as the 
endpoint ofthe toxicity test from which the LOAEL was derived. Stated another, way, an HQ > 1 
indicates that the COPEC has some probability of causing an adverse effect on the receptor. 
Conversely, an HQ < 1 suggests the substance is unlikely to cause adverse effects. The use of 
baseline HQs to characterize risk is acceptable in a weight of evidence type of approach 
(EPA 1998a). According to EPA guidance, it is important to consider the uncertainty in the 
baseline HQ before a decision is made to identify a substance as a COC. If HQs are interpreted 
strictly by regulators (i.e., if HQ > 1 means that there is unacceptable risk), the uncertainties in the 
HQ are neglected by the decisionmakers, and the regulator-approved exposure levels (i.e., mean) 
and threshold levels (i.e., LOAEL) define the maximum acceptable adverse effect and the 
maximum acceptable probability that an individual experiences that effect (Bums, et al. 1998). 

There is uncertainty about the true value of both concentrations used to calculate HQs, and 
thus the HQ itself. Exposure estimates are uncertain because of sampling bias, measurement error, 
and error in receptors' exposure parameters, such as diet, body weight, and ingestion rates, and error 
in contaminant absorption efficiencies and bioaccumulation factors. Effect thresholds are uncertain 
because of differences between benchmarks for test species and receptors, differences between 
tested forms of substances and the forms present in the envfronment, and measurement or test 
errors. The uncertainty about the true value of an HQ implies that some calculated HQs < 1 
underestimate the risk and other HQs > 1 overestimate the risk. 

As a result ofthese uncertainties, the tme value ofthe HQ for a given substance and receptor 
at a particular study area lies in a range of values around the calculated HQ. Although the size of 
this range or "gray area" varies for different COPECs and receptors and is difficult to quantify, the 
more the calculated HQ exceeds 1 the more likely the true HQ value also exceeds 1. This fact 
motivates a focus on HQs > 10 to reduce the likelihood of a false positive error—concluding that 
there is a risk when there is not—because ofthe cost involved in FSs and remediation. The focus on 
HQs > 10 is meant to balance the suspected but unquantified sources of conservative bias in 
exposure estimates (e.g., overestimated bioavailability and absorption efficiency, conservative diets, 
and area use factors). Given the conservative bias inherent to calculated HQs for the ALAAP study 
areas, HQs < 1 can be safely ignored. 

In addition to the computation of HQs to show ecological risk, the hazard index (HI) was 
computed. The definition of an HI is the sum of all individual HQs for COPECs that have similar 
toxicological effects (e.g., neural, immunological, excretory, or organ). In the ERA, a more 
conservative approach was taken. The sum ofall HQs, regardless of toxicological effect, was used 
as the HI. Therefore, ifthe HI does not exceed a threshold, the HI for a single toxicological effect 
also cannot exceed the same threshold. In SERAs, any HI greater tiian 1 means that ecological risk 
may be unacceptable and that a BERA should follow. By contrast, an HI less than 1 meaiis risks are 
acceptable. Although there is no known EPA policy on HI magiutudes and corresponding nominal 
levels of risk, the decision threshold of an HI of 1 remains sufficient to define unacceptable 
ecological risk for a SERA, suggesting that a BERA should be conducted. This approach is 
conservative because the modes of action are hot all the same. The His reflect the number of 
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-^ COPECs; e.g., tiie more COPECs, tiie greater tiie likelihood tiiat the HI >1. As explained earlier, 
V ^ tiie AUFs \vere set at 1 (Table 7-18). fhis was part of tiie consen/ative approach used in tiie SERA. 

Exposure and risks; to receptors foraging over large areas relative to individual ALAAP 
stiidy areas; were estimated by aggregating tiie exposures of the receptors to soil COPECs over 
multiple study areas. This was the case for white-tailed deer, red fox, and red-tailed hawks at 
ALAAP. To evaluate the worst-case scenarios for these receptors, adjacent ALAAP study areas 
were aggregated around the study areas having the highest area-weighted COPEC concentrations 
(i.e., area x RME concenfration). For example. Study Area 2 has the highest area-weighted RME 
concentrations of aluminum, beryllium, 2,4-DNT, and four other COPECs; therefore, aggregated 
study areas were formed around the study area. The study areas around which the aggregates were 
formed include Study Arejis 2 and 3, Study Areas 8 and 10, Study Area 17, and Study Areas 16 
and 19. 

Dut; to the difference in home ranges between the deer (175 ha) and the red fox and hawk 
(596 ha and 697 ha, respectively), two distinct sets of aggregates were identified around the high-
weighted COPEC concentiation study areas. Four aggregated study areas were evaluated for the 
deer: 

J J 
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• 2,3,20, B6, PS 
• 7, 8,10,25, P6, PS 
• 16,19,22 
• 17, 18, PS (Figure 7-5). 

Three aggregate units were evaluated for the red fox and red-tailed hawk: 

• 2,3,4,6, 18,20', B6 
• 6,7,8, 10, 17, 18,20, 25/PO 
• 16, 17, 19, 22 (Figure 7-6). 

The deer has more aggregate units comprising fewer study areas than the red fox and hawk 
because the home range of the deer is smaller. Regardless, AUFs were set at 1 (Table 7-19). 

The AUFs for tiie great blue heron and mink also were set at 1 (Tablle 7-20). The SERA 
was based on conservative assumptions. By contrast, the BERA used AUFs fitted to the ALAAP 
situation. 

7.6.2 Current Ecological Risks Associated with the SERA 

Cuirent screening lisk to ecological receptors exposed to ALAAP media are presented in 
this section. The summary tables for soil, sediment and surface water are based on the tables in 
Appendix O. 
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Tal)le 7-18. Area Use Factors (AUFs) for Terrestrial Receptors 
Alabama Army Ammunition I'lant, Childersliurg, Alabama 

Recep to r 

Eastem coltonlail 

Shorl-taiJed shrew 

American woodcock . 

I l R 

ha 

3.00E+00 

3.60E-0I 

3.24E+01 

A U F - Screen | 
S tudy Area 

2 

Area ha -

36.5 

(90.25 ac) 

I.OOE+OO 

I.OOE+OO 

l.OOE+00 

S t u d y Area 

3 

Area ha = 

3 

(7.51 ac) 

l.OOE+00 

l.OOE+OO 

l.OOE+OO 

Sludy Area 4 

Area ha = 

1.3 

(3.22 ac) 

l.OOE+OO 

l.OOE+OO 

l.OOE+00 

Study Area 6 

Area ha = 

30 

(74.03 ac) 

l.OOE+00 

l.OOE+00 

l.OOE+OO 

s t u d y Area 7 

Area ha = 

22 

(54 .32 ac) 

l.OOE+00 

l.OOE+00 

l.OOE+OO 

Study Area 8 

Area ha = 

46.1 

(113.79 ac) 

I.OOE+OO 

I.OOE+OO 

I.OOE+OO 

Study Area 

lOE 

Area ha = 

25.25 

(68.62 ac) 

l.OOE+00 

I.OOE+OO 

l.OOE+00 

S tudy A r e a 

low 
Area ha = 

25.25 

(68.62 ac) 

l.OOE+OO 

l.OOE+00 

l.OOE+00 

.Study Area 

16 

Area ha = 

6.1 

(15.03 ac) 

l.OOE+OO 

l.OOE+00 

I.OOE+OO 

Study Area 

17 

Area ha = 

51 

(126.06 ac) 

l.OOE+OO 

l.OOE+00 

l.OOE+00 

Recep to r 

Easlcm cottontail 

Short-tailed shrew 

American woodcock 

H R 

ha 

3.00E+00 

3.60E-01 

3.24E+01 

A U F - Screen | 

S tudy Area 

IK 

Area ha = 

17.7 

(43.68 ac) 

I.OOE+OO 

I.OOE+OO 

l.OOE+00 

S ludy Area 

19 

Area ha = 

1.7 

(4.15 ac) 

l.OOE+00 

l.OOE+00 

I.OOE+OO 

Study Area 

20 

Area ha = 

I7.I 

(42.31 ac) 

l.OOE+OO 

l.OOE+OO 

l.OOE+OO 

Sludy Area 

22 

Area ha = 

0.7 

(1.77 ac) 

I.OOE+OO 

l.OOE+00 

l.OOE+00 

.Study Area 

25 

. Area ha -

1.1 

(2 .63 ac) 

l.OOE + OO 

I.OOE+OO 

I.OOE+OO 

Sludy Area 

B6 

Area ha = 

0.07 

(.18 ac) 

l.OOE+00 

l.OOE+00 

l.OOE+00 

Sludy Area. 

P O 

Area ha = 

0.06 

(.14 ac) 

l.OOE+OO 

l.OOE+00 

l.OOE+OO 

S l u d y Area 

PS 

Area ha = 

0.14 

(.34 ac) 

l.OOE+OO 

l.OOE+OO 

l.OOE+00 

Sludy Area 

OK 

l,engthof 

Background 

exceedsIIR 

l.OOE+00 

l.OOE+00 

l.OOE+OO 

Receptor 

Easlcm cottontail 

Short-Uiled shrew 

American woodcock 

lUt ' 

ha 

3.00E+00 

3.60E-01 

3.24E+0I 

AUF-Baseline . ' | 

Sludy Area 

2 

Area ha = 

36.5 

(90.25 ac) 

l.OOE+00 

l.OOE+00 

I.OOE+OO 

Study Area 

3 

Area ha -

3 

(7.51 ac) 

I.OOE+OO 

l.OOE+00 

9.26E-02 

Study Area 4 

Area ha = 

1.3 

(3.22 ac) 

4.33E-01 

l.OOE+00 

4.01E-02 

Study Area 6 

Area ha = 

30 

(74.03 ac) 

l.OOE+OO 

l.OOE+00 

9.26E-01 

Study Area 7 

Area ha = 

22 

(54.32 ac) 

l.OOE+00 

l.OOE+00 

6.79E-01 

Sludy Area 8 

Area ha = 

46.1 

(113.79 ac) 

l.OOE+OO 

l.OOE+OO 

I.OOE+OO 

Study Area 

IDE 

Area ha = 

• 25.25 

(68.62 ac) 

l.OOE+00 

l.OOE+00 

7.79E-01 

Study Area 

low 
Area ha = 

25.25 

(68.62 ac) 

l.OOE+00 

l.OOE+00 

7.79E-01 

S tudy Area 

16 

Area ha = 

6.1 

(15.03 ac) 

l.OOE+OO 

l.OOEiOO 

l.g8E-01 

Study Area 

17 

Area ha = , 

51 

(126.06 a c ) . 

l.OOE+00 

l.OOE+00 

I.OOE+OO 

Recep to r 

Eastem cottontail 

Shott-lailcd shrew 

American woodcock 

im 
ha 

3.00E+00 

3.60E-01 

3.24E+01 

A U F - B a s e l i n e | 

S ludy Area 

18 

Area ha = 

17.7 

(43.68 ac) 

I.OOE+OO 

I.OOE+OO 

I.OOE+OO 

S t u d y Area 

19 

Area ha = 

1.7 

(4.15 ac) 

5.67E-0I 

l.OOE+OO 

3.24E+0I 

S tudy Area 

20 

Area ha = 

17.1 

(42.31 ac) 

I.OOE+OO 

l.OOE+Oq 

3.24E+01 

Study Area 

22 

Area ha = 

0.7 

(1.77 ac) 

2.33E-0I 

I.OOE+OO 

3.24E+OI 

S t u d y Area 

25 

Area ha = 

1.1 

(2 .63 ac) 

3 .67E-0I 

l.OOE+OO 

3.24E+0I 

S ludy Area 

B6 

Area ha = 

0.07 

(.18 ac) 

2.33E-02 

I .94E-0I 

3.24E+0I 

S tudy Area 

P O 

Area ha = 

0.06 

. ( . M a c ) 

2.00E-02 

1.67E-01 

3.24E+01 

S tudy Area 

P S 

Area ha = 

0.14 

(.34 ac) 

4.67E-02 

3.89E-01 

3.24E+01 

.Study Area 

BK 

Length of 

Background 

exceeds HR 

l.OOE+00 

l.OOE+00 

l.OOE+OO 

I 

AUF (in baseline) = Fraction of receptor e.xposure from Ihe unil 

HR .= Home range 

= area of unil/ area of HR; AUF = I when area of unit exceeds area of HR 

c c ( . 
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Figure 7-5. Home Ranges of Deer Relative to Various Study Areas 
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Figure 7-6. Home Ranges of Hawk and Fox Relative to Various Study Areas 
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Table 7-19. Area Use Factors (AUFs) for Ecological Receptors With Large Home Ranges 
Alabama Army Ammunition Plant, Childersburg, Alabama' 

Receptor 
White-tailed deer 
Red fox 
Red-tailed hawk 

HR 
ha 

1.75E+02 
5.96E+02 
6.97E+02 

BK 
Length of 

Background 
exceeds ]{P. 
l.OOE+OO 
1 OOE+OO 
l.OOE+OO 

Aggregated AUl's - Baseline j 

2. 3. 20. B6. 
PS 

Area ha = 
56.81 

n 4 0 •? a r t 
s - - - - / 

3.25E-01 
9.53E-02 

NA 

7 ,8 . 10,25, 
PO, PS 

Area ha = 
119.9 

(296.3 ac) 
685E-01 
2.01 E-01 

NA 

16,19,22 
Area ha = 

8.5 
(2! ac) 

4.86E-02 
1.43E-02 

NA 

17, 18, PS 
Area ha = 

68.84 
(!70ac) 
3.93E-01 
I.16E-01 

NA 

2 . 3 . 4 , 6 . 1 8 , 
20, B6 

Area ha = 
105.67 

(260.8 ac) 
NA 
NA 

1.52E-01 

6 ,7 ,8 , 10,17, 
18, 20, 25, PO 

Area ha = 
240.56 

(594 ac) 
NA 
NA 

3.45E-01 

16, 17, 19,22 
Area ha = 

59.5 
(! 16.97 ac) 

NA 
NA 

8.54E-02 
ALfF = Fraction of receptor exposure from fhe unit = area of unit/ area of HR; A'JF = 1 when area of unit exceeds area of HR 
HR = Home range 
AUF = 1 for earthwonn, cottontail, shrew, robin, and woodcock at all terrestrial Study Areas and for sediment-dwelling biota, aquatic biota 

mink and heron at all aquatic Study Areas. 
Aggregate Study Areas 2, 3, 20, B6, PS; Area ha = 36.5 ha (Sludy Area 2) + 3.0 ha (Sludy Area 3) + 17.1 ha (Sludy Area 20) + 0.07 ha 

(Sludy Area 86) + 0.14 (Sludy Area PS) = 56.81 ha 
Aggregaie Study Areas 7, 8, 10, 25, PO, PS; Area ha = 22 ha (Sludy Area 7) + 46.1 ha (Sludy Area 8) + 50.5 ha (Study Areas lOE&lOW) 

+ 1.1 ha (Sludy Area 25) + 0.06 ha (Sludy Area PO) + 0.14 ha (Sludy Area PS) = 119.9 ha 
Aggregate Sludy Areas 16, 19, 22; Area ha = 6.1 ha (Sludy Area 16) + 1.7 ha (Study Area 19) + 1.77 ha (Sludy Area 22) = 8.5 ha 
Aggregaie Sludy Areas 17, 18, PS; Area ha = 51.0 ha (Study Area 17) + 17.7 ha (Sludy Area 18) + 0.14 ha (Sludy Area PS) = 68.84 ha , 
Aggregaie Study Areas 2, 3, 4, 6, 18, 20, 86; Area ha = 36.5 ha (Sludy Area 2) + 3.0 ha (Study Area 3) + 1.3 ha (Study Area 4) + 30.0 ha 

(Sludy Area 6) + 17.7 ha (Sludy Area 18) + 17.1 ha (Sludy Area 20) + 0.07 ha (Study Area 86) = 105.67 
Aggregate Study Areas 6, 7, 8, 10, 17, 18, 20, 25, PO; Area ha = 30.0 ha (Sludy Area 6) + 22.0 ha (Study Area 7) + 46.1 ha (Sludy Area 8) + 

55.5 ha (Sludy Area lOE&lOW) 
+ 51 ha (Sludy Area 17)+ 17.7 ha (Study Area 18)+17.1 ha (Study Area 20) + 1.1 ha (Sludy Area 25) + 0.06 ha (Sludy Area PO) = 
240.56 ha 

Aggregate Sludy Areas 16, 17, 19, 22; Area ha = 6.1 ha (Sludy Area 16) + 51.0 ha (Study Area 17)+ 1.7 ha (Study Area 19)+ 0.7 ha 

(Study Area 22) = 59.5 ha 
NA = not applicable 
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Table 7-20 Area Use Factors (AUFs) for Aquatic Receptors 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Receptor 

Great blue heron 
Mink 

HR 

km 

3.I0E+00 
2.24E+00 

AUF-Baseline | 
Study Area 

9* 

Length km = 
0.8 

(xmi) 

2.58E-01 
3.57E-01 

Study Area 
16* 

Length km = 
0.8 

(xmi) 

2.58E-0I 
3.57E-01 

Study Area 
21* 

Length km = 

4.0 
(xmi) 

l.OOE+OO 
l.OOE+OO 

Study Area 
26* 

Length km = 
11.0 

(xmi) 

l.OOE+OO 
l.OOE+OO 

Study Area 
27* 

Length km = 
4.1 

(xmi) 

l.OOE+OO 
l.OOE+OO 

Study Area 
CO* 

Length km = 

10.2 
(xmi) 

l.OOE+OO 
l.OOE+OO 

Study Area 
TA* 

Length km = 
12.8 

(xmi) 

l.OOE+OO 
l.OOE+OO 

Study Area 
BK* 

Length of 
Background 
exceeds HR 

l.OOE+OO 
l.OOE+OO 

AUF = Fraction of receptor exposure from the unit = length of unit/ HR defmed as length of stream use; AUF=1 when length of unit exceeds length of HR. 
HR = Home range or foraging distance 
* Reach of stream or creek adjacent to terrestrial EI Site 
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J J 

7.6.2.1 Screening Level Ecological Risks Associated with ALAAP Surfece Soils 

Eijjhteen study areas and one background area (BK) were chosen for .the investigation of 
suiface soils at ALAAP. Background is discussed in Section 7.7.5. There is the potential for 
adverse effects (HQ >1) to ecological receptors exposed to surface soil in all 18 of the study areas 
investigated in the SERA (Appendix Tables 0-33 through 0-138). Table 7-21 provides a summary 
of the SEPLA for vegetation, earthworms, cottontail, shrew, arid woodcock. 

Most of the risk is from inorganics (metals). Fourteen metals, six organics, and one 
explosive had an HQ >1 fbr at least one receptor in at least one study area. The range of HQs for 
these COPECs are listed iri the following: 

Aluminum—HQ = 22 to 1,740 
Arsenk—HQ = 2 to 28 
Barium—HQ = 1 to 20 
Cadmium—HQ = 1 to 188 
Chromium—HQ = 9 to 268 
CoAo//—HQ=ltol55 
Copper—HQ == 1 to 32 
Lead—HQ = 1 to 3,880 
Manganese—HQ = 1 to 8 
Mercury—HQ = 1 to 5 
Motybdenum—HQ = 2 to 22 
Nkkel—HQ = 2to361 
Vanadium—HQ = 1 to 52 
Zinc—HQ = 1 to 435 
Acenaphthene-—HQ = 2 
Arochr-1248—HQ = 1,510 to 4,390 
/4TOc/or-i25-/—HQ = 31 to 1,010 
Benzp(a)pyrene—HQ=lto9 
Benzokacid—HQ = 2 
Pyrene—HQ =3 
2,4,6-trmUrotoluene (TNT)—HQ=\. 

Aluminum, lead, /u-oclor-1248, and Aroclor-1254 are the only COPECs with HQ >1,000. 
Cadmium, chromium, cobalt, nickel, and zinc have maximum HQs between 100 and 1,000. 
Maximum HQs are between 10 and 100 for arsenic, barium, copper, molybdenum, and vanadium, 
depending in part on the particular study area and receptor. The maximum HQ was <10 for 
manganese, mercury, TNT, and the remaining organic COPECs. 

J J 
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Table 7-21. Summary of Surface Soil COPECs (HQ >1) for ALAAP - Screen 
Alabama Army Ammunition Plant Childersburg, Alabama wy 

1 study 
Area 
• 2 • 

3 

4 

6 

7 

Range of Hazard Quotients 
1 - 9 

Arsenic (2) vegetation 
Arsenic (2) cottontail 
Barium (1) cottontail 
Barium (4) shrew 
Barium (1) woodcock 
Lead (4) vegetation 
Manganese (3) vegetation 
Manganese (1) shrew 
Mercury (1) vegetation 
Vanadium (4) cottontail 
Vanadium (1) woodcock 
Zinc (4) vegetation 
Zinc (1) earthworm 
Zinc (1) shrew 
Acenaphthene (2) 
vegetation 
Benzo(a)pyrene(l) 
cottontail 

Benzo(a)pyrene (9) shrew 
Pyrene (3) vegetation 
Pyrene (3) earthworm 
Arsenic (4) vegetation 
Arsenic (5) cottontail 
Barium (1) cottontail 
Barium (5) shrew 
Barium (1) woodcock 
Cobalt (1) vegetation 
Cobalt (4) cottontail 
Copper (1) earthwonn 
Lead (6) vegetation 
Vanadium (5) cottontail 
Vanadium (1) woodcock 
Barium (4) shrew 
Lead (4) earthworm 
Lead (3) cottontail 
Zinc (4) vegetation 
Zinc(l) earthworm 
Zinc (1) shrew 
Lead (1) shrew 
TNT (1) shrew 
Lead (3) shrew 
TNT (1) shrew 

10-99 
Aluminum (32) woodcock 
Arsenic (13) shrew 
Chromium (97) vegetation 
Chromium (20) woodcock 
Lead (26) shrew 
Vanadium (32) vegetation 
Vanadium (41) shrew 
Zinc (22) woodcock 

Aluminum (36) woodcock 
Arsenic (26) shrew 
Lead (42) shrew 
Vanadium (40) vegetation 
Vanadium (52) shrew 

Aluminum (35) 
woodcock 
Lead (36) vegetation 
Zinc (21) woodcock 

Lead (16) woodcock 

Lead (33) woodcock 

100-999 
Aluminum (514) vegetation 
Aluminum (174) cottontail 
Chromium (242) earthworm 
Lead (286) woodcock 

Aluminum (580) vegetation 
Aluminum (197) cottontail 
Cobalt (155) shrew 
Lead (459) woodcock 

Aluminum (559) vegetation 
Aluminum (189) cottontail 
Lead (236) shrew 

None 

None 

>1,000 
Aluminum 
(1,460) shrew 

Aluminum 
(1,640) shrew 

Aluminum 
(1,580) shrew 
Lead (2,580) 
woodcock 

None 

None 

J J 

v ^ 
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V_y 
Table 7-21. Sumrnary of Surface Soil COPECs (HQ ^1) fbr ALAAP - Screen 

Allabama Army Ammunition Plant, Childersburg, Alabama (Continued) 

J J 

V ^ 

study 
Area 

8 

lOE 

low 
16 

Range of Hazard Quotients 
1 -9 

Ajî enic (2) vegetation 
Ai-senic (3) cottontail 
Biuium (4) shrew 
Cobalt (1) vegetation 
Cobalt (3) cottontail 
Copper (2) vegetation 
Copper (3) earthwonn 
Copper (2) shrew 
Lfiad (8) vegetation 
Manganese (4) vegetation 
Manganese (2) shrew 
Molybdenum (5) 
vegetation 
Molybdenum (2) 
woodcock 
Nickel (4) cottontail 
Vsmadium (5) cottomail 
Vimadium (1) woodcock 
Zinc (6) vegetation 
Zinc (2) earthworm 
Zinc (2) shrew 

Aisenic (2) vegetation 
Aisenic (2) cottontail 
Bjirium (4) shrew 
Lead (5) shrew 
Manganese (8) vegetation 
Manganese (1) cottontail 
Manganese (4) shrew 
Benzoic acid (2) shrew 
Lead (9) vegetation 
Aisenic (3) vegetation 
Arsenic (3) cottontail 
Beirium (2) cottontail 
Beirium (7) shrew 
Beirium (2) woodcoclc 
Cadmium (2) earthworm 
Cadmium (1) cottontail 
Cobalt (1) vegetation 
Cobalt (3) cottontail 
Copper (4) cottontail 
Copper (7) woodcock 
Lead (4) earthwonn 
L<;ad (4) cottontail 
Mercury (5) vegetation 
Mercury (1) woodcock 
Nickel (2) vegetation 
V.?uiadium (5) cottontail 
Vimadium (1) woodcock 
Zinc (4) vegetation 
Zinc (1) shrew 

10-99 
Aluminum (22) woodcock 
Arsenic (15) shrew 
Lead (52) shrew 
Molybdenum (22) shrew 
Nickel (55) earthworm 
Nickel (51) shrew 
Nickel (37) woodcock 
Vanadium (38) vegetation 
Vanadium (49) shrew 
Zinc (31) woodcock 

Arsenic (11) shrew 
Lead (53)woodcock 

Lead (61) shrew 
Aluminum (30) woodcock 
Arsenic (16) shrew 
Cadmium (64) vegetation 
Copper (16) vegetation 
Copper (32) earthworm 
Copper (21) shrew 
Lead (40) vegetation 
Vanadium (39) vegetation 
Vanadium (51) shrew 
Zinc (18) woodcock 

100-999 
Aluminum (350) vegetation 
Aluminum (119) cottontail 
Aluminum (993) shrew 
Cobalt (120) shrew 
Lead (563) woodcock 
Nickel (367) vegeitation 

None 

Lead (667) woodcock 
Aluminum (480) vegetation 
Aluminum (163) cottontml 
Cadinium (174) shrew 
Cadmium (188) woodcock 
Cobalt (140) shrew 
Lead (264) shrew 

>1,000 
None 

None 

Aluminum 
(1,360) shrew 
Lead (2,890) 
woodcock 
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Table 7-21. Summary of Surface Soil COPECs (HQ >1) for ALAAP - Screen 
Alabama Army Ammunition Plant Childersburg, Alabama (Continued) \J 

study 
Area 

17 

18 

19 

20 

22 

25 

Range of Hazard Quotients 
1 - 9 

Arsenic (5) vegetation 
Arsenic (5) cottontail 
Barium (1) cottontail 
Barium (4) shrew 
Barium (1) woodcock 
Manganese (5) vegetation 
Manganese (2) shrew 
Arsenic (4) vegetation 
Arsenic (5) cottontail 
Lead (3) shrew 
Manganese (4) vegetation 
Manganese (2) shrew 
Vanadium (5) cottontail 
Vanadium (1) woodcock 
Lead (1) vegetation 
Lead (8) shrew 
Zinc (4) woodcock 

Arsenic (2) vegetation 
Arsenic (2) cottontail 
Barium (2) shrew 

Barium (3) vegetation 
Barium (5) cottontail 
Barium (5) woodcock 
Copper (3) cottontail 
Copper (4) woodcock 
Lead (5) earthworm 
Lead (5) cottontail 
Mercury (2) vegetation 
Nickel (3) vegetation 
Zinc (2) cottontail 

Arsenic (2) vegetation 
Arsenic (2) cottontail 
Lead (1) vegetation 
Lead (7) shrew 
Vanadium (5) cottontail 
Vanadium (1) woodcock 
Zinc (5) vegetation 
Zinc (1) earthworm 
Zinc (2) shrew 
Benzoic Acid (1) shrew 

10-99 
Aluminum (36) woodcock 
Arsenic (28) shrew 

Arsenic (25) shrew 
Chromium (81) vegetation 
Chromium (16) woodcock 
Lead (34) woodcock 
Vanadium (38) vegetation 
Vanadium (50) shrew 

Chromium (22) woodcock 
Lead (89) woodcock 

Aluminum (28) woodcock 
Arsenic (13) shrew 
Chromium (66) vegetation 
Chromium (14) woodcock 
Barium (20) shrew 
Cadmium (24) vegetation 
Cadmium (65) shrew 
Cadinium (70) woodcock 
Chromium (96) vegetation 
Chromium (20) woodcock 
Copper (10) vegetation 
Copper (20) earthworm 
Copper (14) shrew 
Lead (54) vegetation 
Zinc (86) vegetation 
Zinc (22) earthworm 
Zinc (26) shrew 

Aluminum (34) woodcock 
Arsenic (12) shrew 
Chromium (56) vegetation 
Chroinium (11) woodcock 
Lead (74) woodcock 
Vanadium (39) vegetation 
Vanadium (50) shrew 
Zinc (27) woodcock 

100-999 
Aluminum (580) vegetation 
Aluminum (197) cottontail 

Chromium (202) earthworm 

Chromium (107) vegetation 
Chromium (268) earthworm 

Aluminum (449) vegetation 
Aluminum (152) cottontail 
Chromium (166) earthworm 

Chromium (240) earthworm 
Lead (354) shrew 
Zinc (435) woodcock 

Aluminum (540) vegetation 
Aluminum (183) cottontail 
Chromium (139) earthworm 

>1,000 
Aluminum 
(1,640) shrew 

None 

None 

Aluminum 
(1,270) shrew 

Lead (3,880) 
woodcock 

Aluminum 
(1,530) shrew 

^w^ 

w> 
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v ^ 
Table 7-21. Summary of Surface Soil COPECs (HQ >1) for ALAAP - Screen 

Alabama Army Ammunition Plant Childersburg, Alabama (Continued) 

J J 

study 
Area 

B6 

PO 

PS 

BK 

Range of Hazard Quotients 

1 - 9 

Arsenic (2) vegetation 
Arsenic (2) cottontail 
Baiium (3) shrew 
Lead (1) vegetation 
Lead (9) shrew 
Zinc (2) vegetation 

None 

Anienic (2) vegetation 
Arsienic (2) cottontail 
Baiium (1) cottontail 
Baiium (6) shrew 
Baiium (1) woodcock 
Cadmium (2) vegetation 
Cadmium (6) shrew 
Cadmium (7) woodcock 
Chromium (9) woodcock 
Lead (3) vegetation 
Zinc (9) vegetation 
Zinc (2) earthworm 
Zinc (3) shrew 

Lead (3) shrew 
Chromium (7) woodcock 
Zinc (3) woodcock 

10-99 

Aluminum (36) woodcock 
Arsenic (13) shrew 
Lead (94) woodcock 
Zinc (11) woodcock 

Aroclor-1254 (31) 
cottontail 

Aluminum (39) woodcock 
Arsemc (12) shrew 
Chromium (45) vegetation 
Lead (22)' shrew 
Zinc (44) woodcock 

Chromium (35) vegetation 
Chromium (88) earthworm 
Lead (29) woodcock 

100-999 

Aluminum (565) vegetation 
Aluminum (192) cottontail 

Aroclor-1254 (594) 
woodcock 

Aluminum (615) vegetation 
Aluminum (208) cottontail 
Chromium (112) earthworm 
Lead (238) woodcock 

None 

>1,000 

Aluminum 
(1,600) shrew 

Aroclor-1248 
(1,510) cottontail 
Aroclor-1248 
(4,390) shrew 
Aroclor-1254 
(1,010) shrew 

Aluininum 
(1,740) shrew 

None 

J J 
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The distribution of surface soil COPECs by study area is summarized as follows: 

^J 
Aluminum—Study Areas 2,3,4, 8, 16,17,20,25, B6, PS 
.4rse/i/c—Study Areas 2,3, 8, lOE, 16,17,18,20,25, B6, PS 
JJaWi/in—Study Areas 2, 3, 4, 8, lOE, 16,17,20,22, B6, PS 
Cadmium—Study Areas 16,22, PS 
Chromium—Study Areas 2, 18,19,20,22,25, PS. 
CobaU—Study Areas 3, 8, 16 
Copper—Study Areas 3, 8,16,22 
Lead—Study Areas 2,3,4,6, 7, 8, lOE, lOW, 16,18,19,22,25,36, PS 
Manganese—Stady Areas 2, 8, lOE, 17, 18 
Mercury—Study Areas 2,16,22 
Molybdenum—Study Area 8 
Nkkel—Study Areas 8, 16, 22 
Vanadium—Study Areas 2,3, 8,16,18,25 
Zinc—Study Areas 2,4, 8,16, 19,22,25,36, PS 
Acenaphthene—Study Area 2 
Aroclor-1248—Study Area PC 
Arochr-I2S4—Study Area PO 
Benzo(a)pyrene—Study Area 2 
Benzok acid—Study Areas lOE, 25 \̂  j 
Pyrene—Study Area 2 
TTVJ-Study Areas 6, 7. 

Ecological risk from aluminum, arsenic, barium, lead, and zinc is fairly ubiquitous, 
occurring in more than half of the study areas investigated. Risk from organic compounds occurs 
only in Study Areas 2 and PO, and risk from explosives is confined to Study Areas 6 and 7. Risk 
from molybdenum is also limited to a single study area (8). 

Risk was evaluated for five ecological receptors in each study area: vegetation, earthworms, 
cottontail, shrew, and woodcock. The SERA indicated there was risk to each ofthese receptors in at 
least one study area at ALAAP. The COPECs associated with each ofthese receptors are listed as 
follows: 

• Vegetation—all 14 metals, acenaphthene, pyrene 

• Earthworms—cadmium, chromium, copper, lead, nickel, zinc, pyrene 

• Cottontails—aluminum, arsenic, barium, cadmium, cobalt, copper, lead, manganese, 
nickel, vanadium, zinc, benzo(a)pyrene 

V ^ 
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• Shrews—aluminum, arsenic, barium, cadmium, cobalt, copper, lead, manganese, 
V_y molybdenum, nickel, vanadium, zinc, benzo(a)pyrene, benzoic acid, TNT 

• Woodcocks—aluminum, barium, cadmium, chromium, copper, lead, mercury, 
molybdenum, nickel, vanadium, zinc. 

Most surface soil COPECs are fairly well distributed among the ecological receptors (i.e., 
cadmium, copper, lead, nickel, zinc each have an HQ >1 for all five receptors and aluminum, 
barium, and vanadium pose risk to four out offive receptors). The organic COPECs have HQs >1 
for only ont; or two receptors (i.e., there is risk to vegetation from acenaphthene and to shrews from 
benzoic acid and TNT). 3enzo(a)pyrene causes risk in both cottontails and shrews. Pyrene causes 
risk in both vegetation and earthworms. 

Further examination of Table 7-16 from a receptor perspective indicates that the highest risk 
(highest H(J) to ecological receptors is due to only a few COPECs in a few receptors, namely 
aluminum (vegetation, cottontail, and shrew) and lead (woodcock). Cobalt (shrew), nickel 
(vegetation), cadmium (shiew and woodcock), and chromium (vegetation and earthworm) also 
show HQs >100. HQs > 1,000 are entirely due to aluminum in shrews and lead in woodcocks. 
Aluminum with HQ >1,000 occurs in Study Areas 2, 3, 4, 16, 17, 20, 25, 36, and PS. Lead with 
HQs > 1,000 is found in Study Areas 4, 16, and 22. 

V _̂y' His. or the sum of HQs for each of the five receptors in each study area, were calculated 
(Table 7-22). Evaluation ofthe His indicates that overall, the risk HI is lowest to earthworms and 
cottontails, and greatest to shrews and woodcocks. 

Vegetation His are Mghest (HI >500) in Study Areas 2, 3, 4, 8, 16, 17, 20, 25, 36, and PS, 
and are <1 iin Study Areas 6 and 7. Earthworm His are relatively high (>100) in Study Areas 2, 18, 
19,20,22,25, and PS, and are <1 in Study Areas 6, 7, lOE, lOW, and PO. His for the cottontail are 
highest (>100) in Study Areas 2, 3, 4, 8, 16, 17, 20, 25, 36, PO, and PS, and are <1 in Study Areas 
6, 7, and 19. His >1,000 for the shrew occurred in Study Areas 2, 3, 4, 8, 16, 17, 20, 25, 36, PO, 
and PS. Thiere is risk to shiews from at least one COPEC in every study area examined (all His for 
this exposure group were >1). The woodcock His were >1,000 in Study Areas 4, 16, and 22. The 
primary COPECs contributing to risk (i.e., COPECs with HQs > 100) in vegetation are aluminum 
and chromium. Aroclor-1248 poses the greatest risk to cottontails and shrews, and chromium 
contributes the greatest risk to earthwomis. Lead is the greatest contributor of risk to the woodcock. 

The SERA indicattjs that the greatest risk (i.e., HQs > 2,000) to surface soil ecological 
receptors occurs in Study /ireas 4, 16, and PO. Aluminum and lead are the greatest contributors to 
risk in Study Areas 4 and 16, lead is the dominant COPEC in Study Area 22, and Aroclor-1248 is 
the dominant COPEC at PO. 
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Table 7-22. Hazard Indices by Receptor for Surface Soil Study Areas for 
ALAAP-Screen 

Alabama Army Ammunition Plant Childersburg, Alabama 

Study Area 

2 

3 . 

• 4 

6 

-7 

8 
lOE 

low 
16 
17 

18 
19 

20 
22 
25 

B6 
PO 
PS 
BK 

Ecological Receptor 
Vegetation 

663 
635 

602 

<1 
<1 

785 
11 

9 
655 

591 
127 

109 

518 
277 
644 

573 
<1 
678 
37 

Earthworm 
248 

3 

5 

<1 
<1 

62 . 
<1 

<1 
40 
1 

203 
268 

167 
288 
142 

2 
<I 
115 
88 

Cottontail 
184 

212 

194 
<1 . 

<1 
137 
5 
1 

185 
204 
10 

<1 
155 
15 
191 

195 
1,540 
213 
<1 

Shrew 
1,550 

1,930 

. 1,830 
3 
6 

1,310 
26 
61 

2,040 
1,680 

79 
8 

1,290 
479 
1,600 

1,630 
5,400 
1,790 

4 

Woodcock 
363 

499 

2,640 
16 
33 

659 
55 

667 
3,140 

39 
52 

115 

43 
4,410 

148 

141 
594 
339 

40 

'W^ 

J J 

7.6.2.2 Screening Level Ecological Risks Associated witii ALAAP Sediment 

Eight study areas and one BK contained sediment and were chosen for the investigation of 
sediment risk at ALAAP. Background is discussed separately in Section 7.7.5. There are ecological 
risks to sediment dwelling biota at six of the eight study areas investigated with the SERA 
(Appendix Tables 0-265 through 0-275). Table 7-23 provides a summary of the SERA for 
sediment. HQs >1 were not identified for any chemical in Study Areas 5 and 16. 

A total of 14 ecological COPECs were identified, 
include the following: 

These COPECs and their HQ ranges 

Arsenk—HQ = I to 27 
Chromium—HQ= 1 to 8 
Copper—HQ = 1 to 33 
I ,cf ld^HQ=lto4 
Manganese—HQ = 2 to 6 

WV 
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Table 7-23. Summary of Sediment Ecological COPECs (HQ >1) for Sediment-
Dwelling Biota at ALAAP - Screen 

Alabama Army Ammunition Plant Childersburg, Alabama 

study 
AreSi 

5 
9 

16 
21 

26 

27 

CO 

TA 

BK 

Range of Hazard Quotients 
1 -9 

None 
Chromium (8) 
Lead (4) 
Manganese (4) 
Nickel (8) 
Zinc (4) 
Benzo(g,h,i)perylene (1) 
Benzo(k)fluoranthene (1) 
Chrysene (6) 
Ideno(l,2,3-cd)pyrene (1) 

None 
Arsenic (4) 
Chromium (2) 
Copper (2) 
Lead(l) 
Manganese (6) 
Mercury (1) 
Nickel (1) 
Acetone (6) 
Pyrene (1) 

Arsenic (6) 
Chromium (1) 
Copper (1) 
Lead(l) 
Manganese (3) 
Acetone (4) 
Benzo(k)fluoranthene (1) 

Arsenic (2) 
Chromium (2) 
Lead (2) 
Manganese (4) 
Mercury (2) 
Zinc (5) 
Copper (3) 
Lead (1) 
Mercury (6) 
Arsenic (2) 
Lead (4) 
Manganese (4) 
Arsenic (1) 
Copper (2) 
Lead(l) 
Manganese (2) 
Nickel (1) 
Zinc(l) 
Acetone (3) 
Pyrene (1) 

10-99 
None 

Arsenic (27) 
Copper (33) 

None 

None 

None 

None 

None 

None 

None 

100-999 
None 
None 

None 
None 

None 

- None 

None 

None 

None 

>1,000 
None 
None 

None 
None 

None 

None 

None 

None. 

None 
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Mercury—HQ=lto6 
Nkkel—HQ = \ to B \ ^ 
Zinc—HQ= I to 5 
Acetone—HQ = 4to6 
Benzo(g,h,i)perykne—HQ=1 -
Benzo(k)fluoranthene—HQ = 1 
Chryserie—HQ = 6 
Ideno(l,2,3-cd)pyrene—HQ =1 
Pyrene—HQ=\. 

Arsenic and copper are the only COPECs with HQ >10, as shown in Table 7-23. Lead is 
the most pervasive ofthe COPECs identified during the SERA, with HQ >1 in all six ofthe study 
areas that showed ecological risk. Risk from manganese also was widespread, with HQ >1 
occurring in five study areas. 

The distribution of COPECs by study area is summarized as follows: 

Arsenk—Study Areas 9, 21,26,27, TA 
Chronuum—Study Areas 9,21, 26, 27 
Copper—Stndy Areas 9,21,26, CO 
Lead—Stndy Areas 9, 21, 26, 27, TA, CO 
Manganese—Study Areas 9,21,26,27, TA \ J 
Mercury—Stndy Areas 21, 27, CO 
A îcifce/—Study Areas 9,21 
Zinc—Study Areas 9,27 
Acetone—Study Areas 21,26 
Benzo(g,h,i)perylene—Study Area 9 
Benzo(k)fluoranthene—Study Areas 9,26 
Chrysene—Study Area 9 
Ideno(l,2,3-cd)pyrene—Study Area 9 
Pyrene—Study Area 21. 

In addition, cobalt is a COPEC for Study Area 27 and the Coosa River (Study Area CO) 
because there is no TRV for cobalt. 

The study areas with the most COPECs (HQ >1 calculated for sediment dwelling biota) are 
Study Areas 9 (11 COPECs), 21 (9 COPECs), 26 (7 COPECs), and 27 (7 COPECs) (Table 7-23). 

The HI, defined as the simi of HQs for each study area, is as follows: 

• Study Areas—HI ^ 0 
• Study Area 9—HI = 91 V ^ 
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• Stutfy Area 16—HI = 0 
• Stutfy Area 21—Hl^ 30 
• Stiufy Area 26—HI = 21 
• StudyArea 27—HI = IS 
• StudyArea CO—HI = \ l 
• StudyArea TA—HI =11 
• 5Jr—HI = 14. 

Tht; SERA indicates that the greatest risk (as defined by HI) to sediment dwelling biota 
occurs in Study Area 9. 

7.6.2.3 Screening Level Ecological Risks Associated with ALAAP Surface Water 

A total of seven surface water study areas and one background area were identified at 
ALAAP. Background is discussed in Section 7.7.5. There are ecological risks to aquatic biota and 
mink at six of the seven study areas investigated in the SERA (Appendix Tables 0-294 through 
0-317 in Appendix O). There were no identifiable risks to the great blue heron. Table 7-24 
provides a summary ofthe SERA for aquatic biota and mink. HQs >1 were not identified for any 
chemical in any receptor at Talladega Creek (Study Area TA). 

A total of eight inoirganic COPECs, one organic COPEC, and two explosive COPECs were 
identified for surface water receptors in the SERA (Table 7-24). These COPECs and the range of 
HQs include the following: 

• Alurrunum—HQ = 1 to 25 
• Arsenk—HQ=2to3 
•> fiarium—HQ==15to 17 
• CobaU—HQ = 47 to 59 
o Copper—RQ = 1 
o /row—HQ = 2 to 11 

o Lead—HQ - 1 to 2 
o Manganese—HQ = 1 to 53 
• Carbon disidfitle—HQ = 3 
• 2,'/-2)iVr—HQ = 3 to 5 
• r^J—HQ = 6 to 24. 

The COPECs idemdfied during the SERA have HQs between 1 and 59. Iron is the most 
widespread COPEC for aqioatic biota, occurring in five study areas. Aluminum and manganese also 
are pervasive, occurring as surface water COPECs in two receptors and in four study areas. 
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Table 7-24. Summary of Surface Water COPECs (HQ >1) for ALAAP - Screen 
Alabama Army Ammunition Plant Childersburg, Alabama 

1 study 
1 Area 

9 

.16 

21 

26 

27 

CO 
TA 

BK 

Range of Hazard Quotients 
1 - 9 

Copper (1) aquatic biota 
Iron (2) aquatic biota 
Lead (1) aquatic biota 

2,4-DNT (5) mink 
TNT (6) mink 

Aluminum (2) mink 
Arsenic (3) mink 
Iron (5) aquatic biota 
Lead (2) aquatic biota 
Manganese (1) mink 
Carbon disulflde (3) aquatic biota 
Aluminum (1) mink 
Arsenic (2) mink 
Iron (5) aquatic biota 
Manganese (2) mink 
Carbon disulfide (3) aquatic biota 
Iron (6) aquatic biota 
Lead (2) aquatic biota 
2,4-DNT (3) mink 
Manganese (4) mink 

Aluminum (6) aquatic biota 
None 

Aluminum (4) aquatic biota 
Manganese (2) aquatic biota 

10-99 
None 

Cobalt (47) aquatic biota 
Cobalt (59) mink 
Iron (11) aquatic biota 
Manganese (10) aquatic biota 
Aluminum (25) aquatic biota 
Barium (17) aquatic biota 
Manganese (15) aquatic biota 

Aluminum (15) aquatic biota 
Barium (17) aquatic biota 
Manganese (29) aquatic biota 

Aluminum (14) aquatic biota 
Barium (15) aquatic biota 
Manganese (53) aquatic biota 
TNT (24) mink 

None 
None 
None 

100-999 
None 

None 

None 

None 

None 

None 
None 

None 

>1,000 
None 

None 

None 

None 

None 

None 
None 

None 

The distribution of surface water COPECs by study area is summarized as follows: 

Alurtunum—Study Areas 21,26,27, CO 
Arsenk—Study Areas 21,26 
Barium—Study Areas 21,26,27 
CobaU—Study Area 16 
Copper—Study Area 9 
/ron—Study Areas 9,16,21,26,27 
Lead—Study Areas 9,21,27 
Manganese—Study Areas 16, 21,26,27 
Carbon disulfide—Study Areas 21,26 
2,4-DNT—Study Areas 16,27 
I3Vr—Study Areas 16,27. 
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Study Areas 21, 26, and 27 contain the greatest divehity of COPECs (between 6 and 
7 each). Tlie Coosa River (Study Area CO) has only one COPEC identified (aluminum). 

Risk was evaluated for three distinct receptors in each study area: aquatic biota, mink, and 
great blue heron. There was no identifiable risk to the great blue heron in the SERA at any ofthe 
study areas. The COPECs associated with the other two receptors, and the HQ range, are 
summarized in the followirig: 

o Aquatk 5w/a-—Aluminum, barium, cobalt, copper, iron, lead, manganese, and carbon 
disulfide 

• Mink—Aluminum, arsenic, cobalt, manganese, 2,4-DNT, and TNT. 

With the exception of cobalt and TNT, all HQs > 10 are for the aquatic biota receptor. 

The; His, or sums oi'HQs for each receptor in each study area, are listed in Table 7-25. 

Table 7-25. Hazard Indices for Ecological Receptors in Surface Water 
for ALAAP - Screen 

: Alabama Army Ammunition Plant Childersburg, Alabama 

Study Area 

9 

16 

21 

26 

27 

CO 

TA 

BK 

Ecological Receptor 

Aquatic Biota 

4 

68 

69 

70 

90 

6 

<1 

6 

Mink 

<1 

71 

6 

5 

33 

<1 

<1 

<1 

Great Blue 
Heron 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

The SERA indicates that the areas with the highest risk to ecological receptors are Study 
Areas 16,21,26, and 27. PJsk at Study Area 16 is due in large part to cobalt in mink (HQ = 59) and 
in aquatic biota (HQ = 47). Aluminum, barium, and manganese in aquatic biota (HQs of 15, 17, 
and 29, respectively) contribute to risk in Study Area 26. Risk at Study Area 27 is due primarily to 
manganese in aquatic biota (HQ = 53) and TNT in mink (HQ = 24). The remaining COPECs have 
HQs between 1 and 25 (Table 7-24). 

\J 
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7.6.2.4 Screening Level Risks for Aggregated Study Areas 

The risk quotients for deer, red fox, and hawks exposed to soO COPECs over multiple 
ALAAP study areas and background are shown in Appendix Tables 0-123 to 0-133. All three 
receptors exhibit risk in excess of HQs >1. The COPECs are usuaUy aluminum and a few metals, 
e.g., cobalt, vanadium, and zinc. The His also exceed 1 for each receptor at each aggregated study 
area. They range from 6 for deer at aggregated Study Area 7/8/10/25/PO/PS and hawk at 
aggregated Study Area 6/7/8/10/17/18/20/25/PO to 50 for foxes at aggregated Study Area 
16/17/19/22. 

The results ofthe SERA indicate that His for the three aggregated study areas for the red fox 
are >10, driven mostly by aluminum. His for the other receptor aggregates are all <10, with 
aluminum the driving COC for the white tailed deer, and zinc posing risk to the red-tailed hawk. 

7.6.2.5 Previous Remediation 

Extensive soil moving, remedial activities, and backfilling with clean soil have been 
performed at Study Areas 6, 7, 10, 16, 19, and 21. Post-remedial soil sampling has occurred at the 
level ofa few hundred samples for concentrations of explosives and lead. These data show that the 
concentrations of explosives are too low to pose ecological risks to any ofthe receptors. With one 
exception, this also was the preliminary finding for lead. There may be one sampling location with 
sufficiently high concentrations of lead to cause risk to woodcocks along the soil-earthworm-
woodcock pathway. In addition, remedial actions have taken place at Study Areas 9,22, and PO. 

7.6.3 Future Ecological Risks Associated with the SERA 

Future estimated risks to the plants and animals at the exposure unit can be considered to be 
similar to current risks. It is assumed that the same species of plants and animals will continue to be 
present at ALAAP over the next decades. Habitats may change as a result of ecological succession 
and land use changes. This may affect the exact set of receptors at some locations that currently are 
in old fields and could succeed to forests. In the context of this work, such changes are believed to 
be subtle, and no computations were made for fiiture conditions only. Again, fiiture and current 
baseline risks are assimied to be similar. Therefore, the HQs shown and discussed previously for 
current conditions are assumed also to be for fiiture conditions. 

7.7 BASELINE ECOLOGICAL RISK ASSESSMENT 

Ecological Risk Assessment Guidance for Superfiind: Process for Designing and 
Conducting Ecological Risk Assessments (EPA 1997a) outlines an eight-step process for 
documenting actual or potential ecological impacts at an exposure unit; identifying the constituents 
at an exposure unit posing a potential risk; and generating data to be used in evaluating cleanup 
options. The SERA entails Steps 1 and 2 ofthat process. 
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EPA guidance (EPA 1997a) provides procedures for designing and conducting technically 
defensible ERAs for the Superfund Program. Although the guidance provides a technically valid 
approach, it does not dictate the scale, complexity, protocols, data needs, or investigation methods. 
Profession;al judgment is n;quired to design and conduct ERAs. To assure consensus on the design 
and conduct of the assessment, scientific/management decision points (SMDPs) occur at several 
steps along the process. At SMDPs, risk managers and risk assessors evaluate and approve or 
redirect tht; assessment. For example, during the SMDP following the screening-level assessment 
(Steps 1 and 2), it must be decided if a baseline or more fiill ERA (Steps 3 through 7) is needed. 
Another SMDP occurs following the exposure unit Investigation and Analysis of Exposure and 
Effects (Step 6), when the need for additional investigation or analysis is evaluated. 

The eight-step BERA (EPA 1997a) process used at ALAAP is described as "not a simple 
linear or sequential process." The process can be iterative if it is decided at SMDPs that additional 
investigation or analysis is required. Therefore, some steps may be repeated and others omitted in 
subsequent iterations of the process. For instance, the screening-level assessment (Steps 1 and 2) 
might be i)erformed only once. Subsequent steps (Steps 3 to .7), corresponding to the baseline 
ecological risk assessment might be repeated several times with each iteration building on 
information ateady developed for the exposure unit, thereby reducing the uncertainty associated 
with the assessment. 

7.7.1 More Intormation about the 1997 Guidance 

Tht; first two steps ofthe BERA process are the Screening Level Problem Formulation and 
Ecolbgical Effects Evaluation (Step 1) and the Screening Level Exposure Estimate and Risk 
Characterisation (Step 2). Together, Steps 1 and 2 constitute a SERA. SERAs.are simplified risk 
assessments that can be conducted with limited data by assuming values for parameters for which 
data are lai:king. Assumptions for exposure and toxicity values are biased toward overestimating 
risk in a screening-level assessment. Conservative assumptions are used to ensure that study areas 
are not dismissed from further evaluation during a baseline or fiill ERA when unacceptable risk 
actually exists at the expcjure unit. If results of the screening assessment indicate that additional 
evaluation is necessary, the ERA process continues with Step 3. 

The BERA comprises five steps of the eight-step process: Problem Formulation (Step 3), 
Study Desiign and DQO Process (Step 4), Verification of Field Sampling Design (Step 5), exposure 
unit Investigation and DatJi Analysis (Step 6), and Risk Characterization (Step 7). The eighth step. 
Risk ManEigement, entails a management decision on whether to clean up an exposure unit and, if 
so, to what level the contaraination will be cleaned up. 

Each ofthe five steps ofthe BERA for the ALAAP study areas is discussed in this report. 
The Problem Formulation (Step 3), the data analysis portion ofthe exposure unit hivestigation and 
Data Analysis (Step 6), and the Risk Characterization (Step 7) are presented as part ofthe ERA. 
These steps correspond to the three phases presented in The Framework for Ecological Risk 
Assessment (EPA 1992a), on which the presentation ofthe 1997 Guidance ERA is modeled. Steps 
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4 and 5 and the exposure unit investigation portion of Step 6 are presented elsewhere in this RI 
report for the study areas. These include nature and extent evaluation and human health risk 
assessment. Other components of the RI include similar steps. 

7.7.2 Revised Step 6 in BERA 

The analysis phase of the ERA (Step 6) consists of technical evaluation of exposure and 
effects information collected during Steps 1 to 5 and additional assumptions or models for 
interpreting data in the conceptual exposure unit model context (EPA 1997a). In Step 6, exposure 
unit-specific data obtained during the exposure unit investigation replaces many assumptions that 
were made for the screening-level ERA. Uncertainties associated with field measurements and with 
assumptions or published values where exposure unit-specific data are npt available must be 
documented. The BERA incorporates information about the variability of field measurements, 
exposure information, and toxicity information to reduce the uncertainty of risk calculations. 

The following sections discuss exposure and effects parameters or variables. 

7.7.2.1 Exposure 

Exposure Point Concentration—The maximum detected COPEC concentration in the 
environment is typically used as the exposure point concentration in screening-level assessments. 
The 1997 ERA Guidance recommends the lower ofthe maximum detected concentration or UCL95 
as the exposure point concentration. The exposure analysis (Step 6) results in an exposure profile 
that quantifies the magnitude and variability of exposure (EPA 1997a). Step 6 of the BERA as 
reported in this RI uses the RME (Round 1) and the arithmetic mean (Round 2). The arithmetic 
mean concentration is a more realistic estimate ofthe central tendency exposiu'e to members ofthe 
receptor population. Arithmetic mean values are provided in tables dealing with BERAs. 

Area-use Factor—^The assumption that the home ranges ofall terrestrial receptor species 
are entirely within the contaminated area (AUF = 1), and thus, that animals obtain 100 percent of 
their food, water, and incidentally ingested soil from the exposure area, is a conservative one for 
some species. The assumption is that AUF = 1 is applicable to screening-level assessments 
(EPA 1997a). Species^ and exposure unit-specific home range information is needed in the data 
analysis phase of the BERA (Step 6) to estimate more accurately the percentage of the receptor's 
exposure from the affected area. Published species-specific values for home range or foraging area 
(EPA 1993f) as shown in the receptor profiles are used in Step 6 ofthe BERA. Home ranges are 
values selected fixjm the literature (e.g., EPA 19931) based on professional judgment The selected 
values are judged to be most appropriate for the site based on an understanding of the ecological 
characteristics at ALAAP. See Tables 7-18 through 7-20. 

BioavailabUity—The assumption that the bioavailability of substances at the ALAAP study 
areas is equal to that of the media used in experiments for setting screening benchmark values is 
relaxed in the BERA. Ideally, exposure unit-specific or published information about the 
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bioavailabiility of substances in environmental media are used to estimate exposure by ingestion of 
contaminated matter for the ALAAP ERA. These values are the same for both screening and 
BERAs. 

Bo.dy Weight—Published body weights for receptors are used to estimate exposure by 
ingestion of contaminated matter. Published body weights used in the BERA are those presented in 
EPA (1993f) and other sources as shown on the receptor profiles (Appendix Tables 0-144 and 
0-146). Tldese pubUshed body weights are used beginning with Appendix Table 0-149. 

Ingestion Rate—PubUshed ingestion rates for receptors are used to estimate exposure by 
ingestion of contaminated matter. PubUshed ingestion rates used in the BERA are those in EPA 
(1993f) and other sources. 

Bioaccumulation Factor—PubUshed bioaccumulation factors are used in the BERA. 
Bioaccumulation factors Jire published in HAZWRAP (1994) and other sources (as shown in 
Appendix Tables 0-31 and 0-32) are used to estimate exposures by ingestion of biota. 

Dkts—Published diets for receptors are used to estimate exposure by ingestion of 
potentiaUy contaminated matter. PubUshed diets used in the BERA are those in EPA (1993f), 
provided in receptor profiles (Tables 7-5 through 7-10, 7rl3, and 7-14), and other sources. 

In !5ummary, exposure parameters that differ in the SERA and the BERA are the exposure 
point concentration and the area use factor. 

7.7.2.2 Effects 

Th(; foUowing paragraphs discuss exposure parameters or variables. 

Bottfy Weight Converskn—The BERA requires replacing generic data wdth species- or 
exposure unit-specific data wherever possible. The effects thresholds for screening and BERAs 
used effects thresholds for laboratory test animals. Species-specific effects thresholds are used in 
the effects evaluation (Step 6). Species-specific effects thresholds are derived from published 
effects thiesholds for laboratory test species by scaling the threshold dose to body weight 
(Sample et al. 1996). For both mammals and birds, the correspondirig tests species LOAEL for a 
mammal or bird test species is multiplied by the body weight ratio of the test species and the 
receptor species, raised to the 0.25 power (Opresko et al. 1995). This body-weight conversion is 
consistent and is supported by data (Chappell 1992, Travis and White 1988). The conversion is 
used to scale rat toxicity data for carcmogens to humans (EPA 1992a). This information is 
provided ia Appendix Tables 0-144 (mammals) and 0-145 (birds) for LOAELs. 

Effects Measurements—^Two toxic effects measurements are typicaUy used for terrestrial 
organisms: NOAEL and LOAEL. The NOAEL is the more conservative one and is used in the 
SERA. Tde LOAEL is used only in the BERA (see Appendix Tables 0-142 and 0-143). Water 
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toxicity and sediment toxicity, if needed in a BERA, are the same measurements^AWQC and 
ER-I^—as used in the SERA (Appendix Tables 0.265 and 0-293). \ ^ 

7.7.2.3 Summary of Baseline Risk Approach 

The exposure part ofthe baseline risk work uses an arithmetic mean (versus the RME in the 
SERA) and a more reaUstic AUF. The effects part uses a LOAEL or equivalent (versus the 
NOAEL or equivalent) in the screening. Thus, the BERA uses less conservative exposure and less 
conservative effects information, compared to the SERA. 

7.7.3 Current Ecological Risks Associated with the BEf^ 

Current baseline risk to ecological receptors exposed to ALAAP media are presented in this 
section. The summary tables for soU, sediment and surface water are based on the many tables in 
Appendix O. .1 

7.7.3.1 Baseline Ecological Risk Assessment Associated with ALAAP Surfece 
Soils 

Based on the SERA results (Section 7.6.2), a BERA was performed on the same ecological 
receptors in the 18 study areas and background site (Tables 0-147 to 0-252 in Appendix O). 
Background is discussed separately in Section 7.7.5. Table 7-26 provides a summary ofthe BERA. i i 
HQs >1 were identified for at least one ecological receptor in every study area except Study ^""'^ 
Area 19. There were no HQs > 1,000 for any COC in any ofthe study areas. 

Sixteen of the 21 COPECs identified during the SERA were identified as COCs in the 
BERA. The organic compounds and explosives identified during the SERA were found also to 
contribute risk at HQs <1. Only two organic COCs, Aroclor-1248 and Aroclor-1254, were 
identified. 

The COCs identified during the BERA, and their range of HQs, are as follows: 

Aluminum—HQ = 1 to 488 
Arsenk—HQ=lto5 
Barium—HQ = 1 to 5 
Cadmium—HQ = 1 to 64 
CAromiMm—HQ = 26 to 114 
CobaU—HQ =1 
CfljRpc/^HQ = 2 to 16 
Lead—HQ = 1 to 78 
Manganese—HQ = 2 to4 ' 
Mercury—HQ = 2 to 5 , , 
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Table 7-26. Summary of Surfece Soil COCs (HQ >1) for ALAAP - Baseline 
Alabama Army Ammunition Plant Childersburg, Alabama 

study 
Area 

2 

3 

4 

6 

7 

8 

lOE 

low 

16 

Range of Hazard Quotients 

1 - 9 

Aluminum (3) woodcock 
/Jsenic (2) vegetation 
Eiarium (4) woodcock 
Lead (I) vegetation 
Manganese (2) vegetation 
Vanadium (2) shrew 
Zinc (2) vegetation 

AJsenic (4) vegetation 
Ajsenic (1) cottontail 
Ajsenic (2) shrew 
Cobalt (1) vegetation 
Lead (4) vegetation 
Lead(l) shrew 
Lead (3) woodcock 
\anadium (2) shrew 

Lead (3) shrew 
Lead (3) woodcock 
Zinc (2) vegetation 

Lead (2) woodcock 

Lead (2) woodcock 

A.luminum (2) woodcock 
Arsenic (2) vegetation 
Barium (4) woodcock 
Lead (3) vegetation 
Manganese (3) vegetation 
Molybdenum (3) 
vegetation 
Mickel (5) earthwonn 
Nickel (1) shrew 
Mickel (2) woodcock 
Vanadium (2) shrew 
Zinc (2) vegetation 

Eiarium (2) woodcock 
Lead (3) woodcock 
Manganese (4) vegetation 

Lead (5) vegetation 
Lead (2) shrew 

î LTsenic (3) vegetation 
/irsenic(l) shrew 
Eiarium (1) woodcock 
Cadmium (2) earthworm 
C'admium (8) shrew 
C:admium (2) woodcock 
C;opper (8) vegetation 
C:opper (2) cottontail 

10-99 

Aluminum (34) cottontail 
Aluminum (96) shrew 
Chromium (36) vegetation 
Lead (11) woodcock 
Vanadium (27) vegetation 

Vanadium (34) vegetation 

Aluminum (16) cottontail 
Lead (10) vegetation 

None 

None 

Aluminum (27) cottontail 
Aluminum (77) shrew 
Lead (21) woodcock 
Nickel (34) vegetation 
Vanadium (32) vegetation 

None 

Lead (31) woodcock 

Aluminum (27) cottontail 
Aluminum (77) shrew 
Cadmium (64) vegetation 
Copper (16) earthworm 
Lead (54) vegetation 
Lead (17) shrew 
Lead (78) woodcock 
Vanadium (25) vegetation 

100-999 

Aluminum (391) vegetation 

None 

• 

Aluminum (434) vegetation 
Aluminum (107) shrew 

None 

None 

Aluminum (313) vegetation 

None 

None 

Aluminum (316) vegetation 
( 

>1,000 

None 

None 

None 

None 

None 

None 

None 

None 

None 
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Table 7-26. Summary of Surfece Soil COCs (HQ >1) for ALAAP - Baseline 
Alabama Army Ammunition Plant Childersburg, Alabama (Continued) 

study 
Area 

16 
(cont'd.) 

17 

18 

19 

20 

22 

25 

B6 

PO 

PS 

BK 

Range of Hazard Quotients 

1 - 9 

Copper (3) shrew 
Lead (5) earthworm 
Mercury (5) vegetation 
Nickel (1) vegetation 
Vanadium (2) shrew 
Zinc (3) vegetation 

Aluminum (3) woodcock 
Arsenic (5) vegetation 
Arsenic (1) cottontail 
Arsenic (2) shrew 
Barium (5) woodcock 
Manganese (3) vegetation 

Arsenic (1) vegetation 
Manganese (2) vegetation 
Vanadium (1) shrew 

None 

Aluminum (1) woodcock 
Arsenic (1) vegetation 
Barium (1) woodcock 

Lead (3) earthworm 
Lead (8) shrew 
Lead (4) woodcock 
Mercury (2) vegetation 
Nickel (2) vegetation 
Zinc (3) shrew 

Arsenic (2) vegetation 
Vanadium (2) shrew 
Zinc (3) vegetation 

Aluminum (1) cottontail 
Arsenic (2) vegetation 
Lead (1) vegetation 
Zinc (2) vegetation 

Aroclor-1248 (3) shrew 
Aroclor-1254 (4) shrew 

Aluminum (2) cottontail 
Arsenic (1) vegetation 
Cadmium (1) vegetation 
Lead (2) vegetation 
Zinc (5) vegetation 
Zinc (1) earthworm 

Lead (3) woodcock 

10-99 . 

None 

Aluminum (35) cottontail 

Chromium (32) vegetation 
Chromium (79) earthworm 
Vanadium (23) vegetation 

None 

Aluminum (30) cottontail 
Aluminum (87) shrew 
Chromium (40) vegetation 

Lead (26) vegetation 
Zinc (11) earthworm 

Chromium (45) vegetation 
Vanadium (28) vegetation 

Aluminum (25) shrew 

None 

Aluminum (47) shrew 
Chromium (26) vegetation 
Chromium (65) earthworm 

Chromium (27) vegetation 
Chromium (67) earthworm 

100-999 

None 

Aluminum (410) vegetation 
Aluminum (101) shrew 

None 

None 

Aluminum (352) vegetation 
Chromium (100) earthworm 

None 

Chromium (114) earthworm 

Aluminum (512) vegetation 

. None 

Aluminum (488) vegetation 

None 

>1,000 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Final Rl Report 7-70 August 2001 



Ecological Risk Assessment 

• Molybdenum—HQ = 3 -i ., 
• Nkkel—HQ = 1 to 34 
• Vanadium—HQ = 1 to 34 
• Zinc—HQ = l io 5 
• Aroclor-1248—HQ = 3 
• Aroclor-1254—HQ = 4. 

Not only are there iewer COCs (compared to COPECs in the SERA), but the range of HQs 
is much smaller. 

The distribution of COCs by study area is shown as follows: 

• Aluminum—Study Areas 2,4, 8,16,17,20,36, PS 
• ^/se/iic—Study Areas 2,3, 8,16,17,18,20,25,36, PS 
• /Jflrimn—Study Areas 2,8, lOE, 16,17,20 
• Cadmium—Study Areas 16, PS 
• CAroimiim—Study Areas 2,18,20,25, PS 
• CoAo//-Study Area 3 
• Copper—Study Area 16 
• Lead—Study Areas 2, 3,4,6, 7, 8, lOE, lOW, 16,22,36, PS 
• Mangfl/iese-Study Areas 2, 8, lOE, 17,18 
• Mercury—Study Areas 16,22 
• Molybdenum—Study Area 8 
• Nickel—Study .Areas 8,16,22 
• Vanadium—Stddy Areas 2, 3, 8,16,18,25 
• Zinc-Study Areas 2,4, 8,16,22,25, 36, PS 
• Aroclor-1248Study Area PO 
• /lroc/or-i25^—Study Area PO. 

Lead, arsenic, and aluminum are the most widespread contributors to ecological risk, with 
HQs >1 foi: at least one ecological receptor in more them half of the study areas investigated. Study 
Area 16 h<is the greatest diversity of COCs, with 10 different chemicals identified with HQs >1. 
Study Area 8 has nine COCs, and Study Area 2 has eight COCs posing risk to at least one 
ecological receptor. 

Th(; ecological receptors evaluated to determine risk associated with surface soils at ALAAP 
included terrestrial vegefcrtion, earthworms, cottontails, shrews, and woodcocks. The COCs 
associated with each ofthe ecological receptors are as follows: 

• Vegetation—aJuminum, arsemc, cadmium, chromium, cobalt, lead, manganese, 
molybdenum, nickel, vanadium, zinc 
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• Earthworm—cadmium, chromium, copper, lead, nickel, zinc 

• CottontaU—aluminum, arsenic, copper 

• Shrew—aluminum, Aroclor-1248, Aroclor-1254, arsenic, cadmium, copper, lead, 
nickel, vanadium, zinc 

• Woodcock—aluminum, barium, cadniium, lead, nickel. 

In each ofthese receptors, at least one COC was found to cause risk in surface soil in at least 
one ofthe ALAAP surface soil study areas. 

To compare cumulative risk among different receptors in different study areas. His were 
calculated. The HI for each ecological receptor in each study area is presented in Table 7-27. 
Evaluation ofthe His indicates that risk (as defined by HI) is highest (HI >100) for vegetation in 
Study Areas 2, 4, 8, 16, 17, 20, 36, and PS, but there is no risk to vegetation in Study Areas 6, 7, 
and PO. There is higher risk (HI >100) to earthworms in Study Areas 20 and 25, and no risk to this 
receptor in Study Areas 6, 7, lOE, lOW, 19, and PO. Risk to the cottontail is <100 in all study 
areas, and <1 in Study Areas 6, 7, lOE, lOW, 18, 19, 22, 25, and PO. Risk to the shrew is highest 
(HI >100) in Study Areas 2, 4, and 16, and Study Areas 6, 7, and 19 show no risk to this receptor. 
Risk to the woodcock is relatively low, v̂ t̂h all His <100, and His <1 in Study Areas 18, 19,25, 36, 
PO, and PS. 

Table 7-27. Hazard Indices by Receptor for Surfece Soil Study Areas - Baseline 
Alabama Army Ammunition Plant Childersburg, Alabama 

Study Area 

2 
3 
4 
6 
7 
8 

lOE 
low 

16 
17 
18 
19' 
20 
22 
25 
B6 

• PO 
PS 

1 BK 

Ecological Receptor 
Vegetation 

463 
44 
447 
<1 
<1 
393 

6 
5 

481 
419 
58 
2 

394 
73 
80 
518 
<1 
526 
28 

Earthworm 
92 
2 
2 

<1 
<1 
7 

<1 
<1 
25 
1 

79 
<1 
101 
14 

115 
2 

<1 
67 
68 

Cottontail 
35 
2 . 
16 
<1 
<1 
29 
<1 
<1 
31 
37 
<1 
<1 
31 
<1 
<1 ' 
1 

<1 
2 
<1 

Shrew 
100 
6 

110 
<1 
<1 
84 
1 
2 

109 
104 
2 
<1 
87 
11 
3 

25 
7 

48 
<1 

Woodcock 
19 
5 
3 
2 
2 
30 
6 • 

• ^ ^ 

82 
' • 8 - • 

<1 
<1 
3 
5 

<1 
<1 
<1 
<1 
3 
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J J 
7.7.3.2 ESaseline Ecological Risk Assessment Associated with ALAAP Sediment 

Based on the SERA results, a BERA was performed on the eight study areas and 
background site, with ecological COCs identified at six of the eight areas (Tables 0276 through 
0-284 in Appendix O). Background is discussed separately at the end of this section. The BERA is 
a less conservative approach, e.g., exposure of arithmetic mean and effects of the LOAEL. 
Table 7-28 provides a summary of the BERA. HQs >1 were not identified for any chemical in 
Study Areas 5 or 16, or in tlie Coosa River (Study Area CO). 

Table 7-28. Summary of Sediment COCs (HQ >1) fbr ALAAP - Baseline 
Alabama Army Ammunition Plant Childersburg, Alabama 

J J 

Study y^rea 

5 
9 

16 
21 

26 

27 

CO 
T/l 

BK 

Range of Hazard Quotients 
1 - 9 

None 
Chromium (4) 
Lead (3) 
Manganese (2) 
Nickel (5) 
Zinc (2) 
Benzo(g,h,i)perylene (2) 
Benzo(k)fluoranthene (2) 
Chrysene (2) 
ldeno(l,2,3-cd)pyrene (1) 
None 
Arsenic (3) 
Chromium (2) 
Copper (2) 
Lead(l) 
Manganese (4) 
Acetone (5) 
Pyrene (1) 

Arsenic (5) 
Chromium (1) 
Manganese (2) 
Acetone (4) 
Arsenic (2) 
Chromium (1) 
Lead(l) 
Manganese (3) 
Zinc (2) 
Mercury 
Arsenic (2) 
Lead(l) 
Manganese (2) 
Arsenic (1) 
Copper (1) 
Manganese (2) 
Acetone (3) 

10-99 
None 

Arsenic (15) 
Copper (17) 

None 
None 

None 

None 

None 
None 

None 

100-999 
None 
None 

• 

None 
None 

None 

None 

None 
None 

None 

>1,000 
None 
None 

None 1 
None 1 

None 1 

. None 

None 
None 

None 

^ 
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Thirteen ofthe 14 chemicals identified as COPECs in the SERA also were identified during 
the BERA. These COCs and their HQ ranges include the following: 

Arsenk—HQ= 1 to 15 
Chrorruum—^HQ-lto4 
Copper—HQ= Ito 17 
Lead—HQ = 1 to 3 
Manganese—HQ = 2 to 4 
Mercury—HQ = 2 
Nkkel—HQ = 5 
Zinc—HQ = 2 
Acetone—HQ = 3 to 5 
Benzo(g,h,i)perylene—HQ = 2 
Benz0(k)fluoranthene—HQ = 2 
Chrysene—HQ = 2 
Ideno(I,2,3-cd)pyrene—HQ =1 
Pyrene—HQ=\. 

The maximum HQs for arsenic, copper, lead, nickel, and zinc are found in Study Area 9. 
Arsenic is the most widespread COC, with HQs >1 in five ofthe six study areas showing ecological 
risk. Manganese also was widespread, with risk in.five of the six study areas and the background 
locations. 

The distribution of COCs by study area is summarized in the following: 

Arsenk—Study Areas 9,21,26,27, TA 
Chromium—Study Areas 21,26,27 
Copper-^Study Areas 9,21 
Lead—Study Areas 9,21,27, TA 
Manganese—Study Areas 9,21,26, 27, TA 
Mercury—Study Area CO 
Nkkel—Study Area 9 
Zinc-Study Areas 9,27 
Acetone—Study Areas 21,26 
Benzo(g,h,i)perykne—Study Area 9 
Benzo(k)fluoranthene—Study Area 9 
Chrysene—Study Area 9 
Ideno(I,2,3-cd)pyrene—Study Area 9 
Pyrene—Study Area 21. 

^ 

O 

J J 
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Study Areas 9, 2L and 27 have the highest number of COCs (risk of HQ >1 to sediment-
dwelling biiota), which is the same result as in the SERA. 

The His for each ofthe study areas are as follows: 

o Study Area 5—HI = 0 
o Study Area 9 - H l = 56 
o StudyArea 16—HI = 2 
o Study Area 21~H1 = 23 
o Study Area 26—HI =]S 
o StudyArea 27—HI = \2 
o Study Area CO—HI = 3 
• Study Area TA~Hl = 5 
o Study Area BK—Hl=n. 

The results of the BERA indicate that the greatest risk (as defimed by HI) to sediment-
dwelling biota is at Study i\reas 9, 21, 26, and 27. Study Area 9 had the highest HI in the SERA, 
and this has been confirmed by the results ofthe BERA. 

7.7.3.3 Baseline Ecological Risk Assessment Associat3d with ALAAP Surfece 
Water 

Basied on the results ofthe SERA, a BERA was performed on the same ecological receptors 
in the seven surface water study areas and background location. (Appendbc Tables 0-318 through 
0-341). Background is discussed in Section 7.7.5. The BERA is a less conservative approach than 
the SERA, e.g., exposure of arithmetic mean and effects of the LOAEL. Table 7-29 provides a 
summary ofthe BERA. Tiiere was no risk identified to the mink or blue heron receptors, biit HQs 
>1 occurred for at least one COPEC in all study areas except Talladega Creek (Study Area TA). 
There were no HQs > 100 in any ofthe study areas. 

Eight of the 11 COPECs identified during the SERA were identified as COCs in the BERA. 
These COCs and the range of HQs include the followdng: 

• Aluminum—HQ = 2 t o l 5 
• i?ar/«m—HQ==lltol4 
• Cobalt—HQ = A1 
• Copper—HQ =1 
• /roil—HQ = 2 to 11 
• Lead—HQ=\ 
• Manganese—HQ = 1 to 11 
• Carbon disulflde—HQ=\i 
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Table 7-29. Summary of Surfece Water COCs (HQ >1) for ALAAP - Baseline 
Alabama Army Ammunition Plant Childersburg, Alabama 

' ^ 

study 
Area 

9 

16 

21 

26 

27 

CO 

TA 

BK 

Range of Hazard Quotients 

1 - 9 

Copper (1) aquatic biota 
Iron (2) aquatic biota 
Lead (1) aquatic biota 

None 

Iron (3) aquatic biota 
Carbon disulfide (1) aquatic biota 

Aluminum (5) aquatic biota 
Iron (3) aquatic biota 

Aluminum (3) aquatic biota 
Iron (2) aquatic biota 

Aluminum (4) aquatic biota 

None 

Aluminum (2) aquatic biota 
Manganese (1) aquatic biota 

10-99 

None 

Cobalt (47) aquatic biota 
Iron (11) aquatic biota 
Manganese (10) aquatic biota 

Aluminum (15) aquatic biota 
Barium (14) aquatic biota 
Manganese (10) aquatic biota 

Barium (13) aquatic biota 
Manganese (10) aquatic biota 

Barium (11) aquatic biota 
Manganese (11) aquatic biota 

None 

None 

None 

100-999 

None 

None 

None 

None 

None 

None 

None 

None 

>1,000 

None 

None 

None 

None 

None 

None 

None 

None 

u 
Not only are there fewer COCs (compared to COPECs in the SERA), but the range of HQs 

is smaller. Iron is the most widespread COC, wdth HQs >1 in five ofthe six study areas showing 
ecological risk. Aluminum and manganese each appear at HQs >1 at four sites, confirming the 
results of the SERA. 

[ . ' 
The distribution of COCs by study area is summarized in the following: 

• Alurrunum—Study Areas 21,26,27, CO. 
• Barium—Study Areas 21,26,27 
• CoAaft-StudyAreal6 
• Copper—Study Area 9 
• /ron—Study Areas 9, 16,21,26,27 
• Lead—Study Area 9 
• Manganese—Study Areas 16,21,26,27 
• Carbon disulfide—Study Area 21. 

Study Areas 9, 16,21, 26, and 27 contain the greatest diversity of COCs (between three and 
five each). The Coosa River (Study Area CO) has only one COC identified (aluminum). No risk 
was found in Talladega Creek (Study Area TA). 

O 
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The ecological receptors evaluated to determine risk associated with surface water at 
ALAAP iricluded aquatic biota, mink, and great blue herons. Nb risk was identified to mink or 
herons. All the COCs listed previously are associated wdth aquatic biota. 

The His for each receptor in each study area are presented in Table 7-30. 

Table 7-30. Ha2'.ard Indices for Ecological Receptors in Surfece Water 
at ALAAP - Baseline 

Alabama Army Ammunition Plant Childersburg, Alabama 

study Area 

9 

]I6 

21 

26 

27 

c;o 
TA 

BK 

Ecological Receptor 

Aquatic Biota 

4 

68 

43 

33 • 

29 

4 

<1 

3 

Mink 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

Great Blue Heron 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

7.7.3.4 Baseline Ecological Risks for Aggregated Study Areas 

Th<; BERA showed few HQs greater than 1 (Appendk Table 0-237 through 0-244). 
Aluminum is the principal COC wdth a maximum HQ of 2 for deer at Study Areas 17, 18, and PS; 
and for red fox at Study Areas 6, 7, 8, 10, 17,18,20,25, and PO. Most His are 1 or less than 1, the 
only exception being an HI of 3 for aluminum to red fox at aggregate Study Areas 6, 7, 8, 10, 17, 
18, 20, 25, and PO. There are no HQs or His >1 for the hawk. Thus, there is litde or no ecological 
risk from tlie aggregate sites to near- pr far-reaching ecological receptors. 

7.7.4 Future Ecological Risks Associated witii the B E f ^ 

Fulure estimated risks to plants and animals at the exposure unit are considered similar to 
current rislcs. It is assumed that the same species of plants and animals will continue to be present at 
ALAAP over the next decades. Habitats may change as a result of ecological succession and land 
use chang{:s. This may affect the exact set of receptors at some locations that are currently in old 
fields and could succeed to forests. Such changes are believed to be subtle in the context of this 

. work, and no computations were made solely for fiiture conditions. Again, fiiture and current 
baseline risks are assumed to be smular. ' 
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7.7.5 Background 

In addition to the 18 study areas examined to determine risk to surface soil receptors, 
background locations were chosen for evaluation. As wdth the other study areas, both a SERA and 
BERA were performed at the background locations. The results are included in Appendix O 
(Tables 0-134 through 0-137 and 0-248 through 0-252), and on Tables 7-21, 7-22, 7-26, and 7-27. 
The SERA identified three COPECs (chromium, lead, and zinc) wdth HQs ranging from 3 (lead in 
shrew and zinc in woodcock) to 88 (chromium in earthworms) (Table 7-21). Ecological risk was 
identified for all receptors except the cottontail (HI <1). The HI for the vegetation, earthworm, 
shrew, and woodcock was within the range of low His calculated for these receptors at other study 
areas, with the possible exception ofthe earthworm. The screening HI for earthworms (HI = 89) 
was higher than the HI for this receptor at 12 of the 18 surface soil study areas (Table 7-22) 

The BERA for background identified lead and chromium as COCs. Lead in the woodcock 
receptor has an HQ of 3, chromium in vegetation an HQ of 27, and the HQ is 67 in earthworms 
(Table 7-23). There was no risk to the cottontail and shrew ecological receptors at the background 
location. Ecological risks for vegetation and woodcock receptors were 28 and 3, respectively, and 
these His are actually higher than His in some study areas. The baseline HI for earthworms (68) is 
higher than all but three ofthe ALAAP surface soil study areas (Table 7-27). 

In addition to the eight study areas examined to detemiine risk to sediment-dwelling biota, a 
background location was chosen for evaluation. Like the other eight study areas, both a SERA and 
a BERA were conducted at the background study area. The results are included in Appendix O 
(Tables 0-275 and 0-284), and in Tables 7-23 and 7-28. The SERA identified seven COPECs 
(arsenic, copper, lead, manganese, nickel, zinc, and pyrene) at this area, wdth HQs between 1 and 2. 
The HI for BK based on screening level assessment was 11, the lowest study area wdth identified 
risk based on the SERA. 

The BERA for BK identified three COCs, wdth HQs of 1 (arsenic and copper) to 2 
(manganese). The HI for this study area using the BERA data was 8. Of the study areas with 
identified risk based on BERA data, only the Coosa River (Study Area CO) had an HI of less than 
8. Most of the COPECs and COCs identified in the SERA and BERA are fairly ubiquitous 
chemicals, in particular, arsenic and copper. These COPECs were the two identified in the SERA 
wdth HQs >10 at Study Area 9. 

In addition to the seven study areas examined to determine risk to surface water receptors, 
backgroimd was also chosen for evaluation. As with the other study areas, both a SERA and BERA 
were performed for the background data collected. The results are included in Appendu O 
(Tables 0-315 through 0-317 and 0-339 through 0-341), and in Tables 7-24,7-25, 7-29, and 7-30. 
The SERA identified aluminum and manganese at this site, with HQs between 2 and 4. The HI for 
background based on the screening level assessment was 6. 

Final RI Report 7-78 August 2001 



Ecologkal Risk Assessment 

The BERA for background also identified aluminum (HQ = 2) and manganese (HQ =1). 
The HI for this area based on the BERA was 3. This is higher than the HI for Talladega Creek 
(Study Area TA), with no identified risk, and slightly lower than Study Areas 9 and the Coosa River 
(Study Area CO) (His = 4), with smallrisk to aquatic biota. 

7.7.6 Summary of Baseline Risk Characterization 

Overall, reliable methods and sufficient data exist to develop and evaluate HQs and reach 
conclusiomi about the ecological risk assessment endpoints. Assuming all HQs greater than 10 
mean real C'OCs, the major conclusions are as follows: 

• ALAAP exhibits ecological risk 
• ALAAP soils, sediment, and surface water show risk to a variety of receptors 
• There are eight soil COCs, two sediment COCs, and five surface water COCs. 

The SERA and BERA are summarized in Section 7.9. 

7.8 UNCERTAINTIES 

Uncertainty in the ALAAP ERA is discussed in detail for the four steps of the EPA 
approach to ERA: problem formulation, exposure assessment, effects assessment, and risk 
characteriziition. These are identified and evaluated in Table 7-31, where the effect of the 
uncertainty on the risk as!>essment is indicated in terms of the likelihood of overestimating or 
underestimating risk. 

7.8.1 Uncertainty in Problem formulation 

There is uncertainty about which siibstances present in environmental media at ALAAP 
qualify as (HOPECs. For instance, some substances are undetectable at contract required detection 
limits, but may be present at, or accumulate to, toxic concentrations in biota. There also is 
uncertainty about which organisms potentially exposed at ALAAP are most at risk and are not 
recognized adequately in the assessment endpoints evaluated in the ERA. 

7.8.2 Uncertainty in Exposure Assessment 

The primary uncertainties in the exposure assessment concem site-specific and 
receptor-specific exposure factors. There is uncertainty about the site-specific properties of soil, 
sediment, .md surface water that determine the availability of COPECs to ecological receptors. In 
addition, there is uncertamty about the receptor-specific exposure parameters detennining the 
magnitude of their exposure to contaniinated media (e.g., dietary composition and time spent at 
site). 
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Table 7-31. Qualifetive Evaluation of Uncerfeinty for ALAAP ERA 
Alabama Army Ammunition Plant Childersburg, Alabama 

Source or Area of Uncertainty 

Effect on Risk Estimates' 

Potential for 
Underestimating 

Risk 

Potential for Either 
Underestimating or 

Overestimating 
Risk 

Potential for 
Overestimating 

Risk 

Problem Formulation 

Identification of COPECs 

Identification of sensitive receptors Low 
_. . 

Medium 

Exposure Assessment 

Site-specific bioavailability of COPECs 

Receptor-specific exposure factors Low 

Medium 

Toxicity Assessment 

Use of published toxicity values 

No toxicity values for some contaminants 

No data on chemical, interactions 

Organismal toxicity used for higher levels of 
ecological organization 

Medium 

Medium 

Medium 

Medium 

Risk Characterization 

Ecological risk quotient values 

Offsite ecological risk 

Cumulative ecological risk 

Future ecological risk 

Background ecological risk 

Low 

Low 

Low 

Medium 

Low 

' Evaluation given only for potential effect with most serious consequences for ecological risk management decisions. 

7.8.3 Uncertamty in Effecte Assessment 

The major uncertainties in the effects assessment include the effects of extrapolating from 
published toxicity thresholds for test organisms from the laboratory to the field, the lack of toxicity 
data for some receptors for some COPECs, the lack of toxicity data for cheniical niixtures, and the 
ecological relevance of organismal toxicity for characterizing risks to populations and habitats. 
There are also differences between the form of a chemical administered in published toxicity tests 
and the likely site-specific form (e.g., aluminum chloride and aluminum sulfate versus aluminum 
oxides). 

7.8.4 Uncertamty in Risk Characterization 

The uncertainty in the risk characterization is the uncertainty about the actual risk quotient 
values, and thus, their interpretation in terms of current and fiiture risks to plants and animals at 
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ALAAP. IQ addition, there is uncertainty associated wdth the potential for adverse effects of those 
COPECs without toxicity data. Four additional areas of uncertainty in the risk characterization are 
offsite risk, cumulative risk,, fiiture risic, and background risk. 

OffsUe Risk—The risks to offsite receptors cannot be characterized without benefit of 
contaminant tracer studies ;and offsite plant, animal, and habitat surveys. Offsite receptors can be 
exposed to contaminants via physical and organismal transport processes, but evaluating the 
magnitude of this exposure would require additional studies. It is unlikely that offsite receptors 
would have lower toxicity thresholds for contaminants than the thresholds used for onsite receptors. 
In addition, there is little rezison to expect that contaminants migrating offsite would be concentrated 
above measiured concentrations at ALAAP unless a contaminant bioconcentrates in organisms that 
move extensively on and off the study areas. In general, the risk to most offsite receptors is likely to 
be overestimated rather than underestimated by the risk estimate for onsite receptors. 

Cumulative Risk—The ERA estimates the risk to populations of ecological receptors from 
individual c;ontaminants. However, in nature, receptors are exposed simultaneously to mixtures of 
chemicals. Generally, the methods used for estimating risks are sufficiently conservative, resulting 
in individuzil chemical risks that are overestimated. Nevertheless, cumulative risk is possible when 
several Uving plants and animals are affected simultaneously. Harmful effects in ecosystems 
(includihg <;ffects on individual organisms) may cascade tliroughout the system and have indirect 
effects on tlie ability of a population to persist in the area even though individual organisms are not 
sensitive to the given contaminants in isolation. Therefore, the ecological risk characterization for 
ALAAP may underestimate; actual rislcs to plants and animals from cumulative risks. 

Future Risk—A third area of uncertainty in the ecological risk characterization is the future 
risk to plants and animals from contamination at ALAAP. The ERA characterizes the current risk 
based on chronic exposure to measured concentrations of contaminants with the potential to persist 
in the environment for extended periods of time. Risk quotients for vegetation estimate the risk to 
plant species that would be natural parts of future successional stages at these areas. Nevertheless, 
possible mechanisms exist that could significantly increase (e.g., erosion, leaching to surface water 
or groundv/ater) or decreaiie (e.g., enhanced microbial degradation) the risk to future plants and 
animals at the study areas. 

Background Risk—^Another source of uncertainty is ecological risk relative to background 
conditions. Although only inorganics wdth concentrations above background wiere examined in the' 
COPEC screening, some COPECs are above background only by a statistically insignificant 
amount; therefore, concentrations at the exposure unit are actually lower than the background 
concentration. The conserx'ative approach to comparing ALAAP site concentrations to background 
probably overestimates the risk from COPECs whose source is not associated wdth a given exposure 
unit. 
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The primary sources of uncertainty in the four steps of the ALAAP ERA do not affect the 
credibility ofthe risk characterization seriously. The weight of evidence is sufficient to support the 
conclusions ofthe risk cheiracterization. , . 

7.8.5 Summary 

The most important uncertainties in the ERA are those affecting the estimates of 
contaminant concentrations to which. ecological receptors are, actually exposed 
(exposure concentrations) and concentrations presenting an acceptable risk level of harmfiil effects 
(toxicity reference values or thresholds). These uncertainties arise fix)m multiple sources, especially 
from the lack of exposure unit-specific data on contaminant transport and transformation processes, 
organismal toxicity, animal behavior and diet, population dynamics, and the response of plant and 
animal populations to stressors in their environments. Despite these uncertainties, the available 
exposure unit-concentration data and published exposure and effects information allow ecological 
COCs (HQs >1) to be identified for each exposure unit. 

7.9 SUMMARY OF THE SCREENING AND BASELINE ECOLOGICAL RISK 
ASSESSMENTS 

-. A SERA .(EPA 1997a) and a BERA (EPA 1997a) were perfomied in accordance with 
guidance from ADEM, EPA Headquarters, EPA Region IV, and the U.S. Army. This guidance 
specifies a step-by-step procedure. The SERAs and BERAs conducted for the ALAAP adhere to 
this guidance and include the following four steps: problem formulation, exposure assessment, 
effects assessment, and risk characterization, including uncertainties and summarization. 

Current risks to ecological receptors at the ALAAP study areas were characterized by 
evaluating ecological assessment endpoints using risk quotients. Risk quotients are calculated for 
different receptors for every COPEC for which published information on toxicity threshold 
concentration is available. Each risk quotient compares two concentrations: the estimated COPEC 
concentration (RME) in soil, sediment, and surface water to which a given receptor is exposed, and 
the, toxicity threshold concentration for the COC and receptor. The toxicity threshold concentration 
is a dietary limit or other threshold concentration expected to cause no harm to the receptor, 
minimal harm with no ecological significance, or minimal harm to a community of organisms 
(i.e., assemblage of species) exposed to the COPEC in an appropriate medium. Thus, the toxicity 
threshold is a safe, or protective, concentration. ^ 

ALAAP comprises many acres of natural and man-made habitats. Old fields and hardwood 
forests of varying ages occupy a large portion of the total area. There are many fields and forests at 
ALAAP study areas whose appearance is similar to fields and forests at reference or background 
locations. Although it is not sufficient to claim no immediate endangerment, such abundant habitat 
means that altemate food and cover is available to support organisms without relying on the 
resources in the exposure unit areas. Also, many organisms were observed, ftirther suggesting no 
inunediate endangerment. 
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S«i^ 

Of the many observed plant and animal taxa, three terrestrial classes (plants and soil-
dwelling invertebrates, worm-eating and/or insectivorous mammals and birds, and terrestrial top 
predators) were selected for terrestrial receptors. For aquatic habitats, three classes were selected 
(sediment-dwellers, fish and aquatic life, and fish-eating predators). 

The followdng nairative summarizes the major findings of the current and baseline 
ecological risk assessment. 

7.9.1 Summary of Ecological Risks Associated with ALAAP Surface Soils 

A SERA was performed on surface soil receptprs (vegetation, earthworms, cottontail, 
shrew, and woodcock) at 18 study area locations and one background location at ALAAP. The 
SERA identified 14 metals., six organics, and one explosive with HQs >1 for one or more receptors 
in one or more study areas. All study areas had at least one COPEC identified in the SERA. Study 
Areas 2, 3, 4, 16, 17, 20,22,25, 36, and PS had the highest risk based on risk to the shrew and the 
woodcock (His > 1,000), wdth lead and aluminum being the major contributors to this risk. 
Aluminum,, arsenic, and lead were the most widespread COPECs, occurring with HQs >1 for at 
least one ecological receptor in more than half of the study areas. 

A BERA was performed on the same study areas and background location, and identified as 
COCs Aroclor-1248, Aroclor-1254, and the 14 inorganic COPECs identified in the SERA. The 
explosive amd remaining organic COPECs identified in the SERA were screened out based on the 
BERA. Thiere was no identifiable risk in the BERA for some receptors in a number of study areas, 
as summanlzed in the follovsdng: 

• StudyArea 6—No risk to vegetation, earthworms, or cottontails 
• Stutfy Area 7—-No risk to vegetation, earthworms, cottontails, or shrews '•.. 
o Study Area lOE—^No risk to earthworms or cottontails 
o Study Area 10W—-^o risks to earthwomis or cottontails 
• Study Area 18—^No risk to cottontails 
» Stutfy Area 19—^No risk to earthworms, cottontails, shrews, or woodcocks 
• Stiufy Area 22—^No risk to cottontails 
• Stiufy Area 25-̂ —No risk to cottontails or woodcocks 
• 5to<fyy4reaJB6—No risk to woodcocks 
• Study Area PO—^No risk to vegetation, earthworms, cottontails, or woodcocks 
• 5/«<fy/4rea/W—No risk to woodcocks 
• BK—^No risk to cottontails or shrews. 

In summary, there is no ecological risk at Study Area 19. At a number of the other study 
areas, there is no risk to certain receptors. These include Study Areas 6, 7, lOE, lOW, 18, 22, 25, 
B6, PO, and PS. The rest ofthe study areas (Study Areas 2, 3,4, 8, .16, 17, and 20) have risk to all 
the ecological receptors investigated. Much of this risk can be attributed to two metals, aluminum 
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and lead. Risk is relatively higher to the vegetation, and in several study areas, to earthworm 
ecologies receptors. Plants and earthworms are immobile ecological receptors, and the cottontail, 
shrew, and woodcock are mobile, although they have small home ranges. In each assessment, 
background exhibits risk comparable to the study areas with the lower range of His, clearly showing 
the difference in risk between immobile and mobile receptors. 

Bioassays were taken to set RGOs. This purpose is clearly stated in the Final Supplemental 
RI/FS Sampling and Analysis Plan/Work Plan Addendum of June 1996 (SAIC 1996c); this is the 
EPA and ADEM approved work plan. Further, the use of bioassays for RGO development was 
approved by the U.S. Army Center for Health Promotion and Preventive Medicine (USACHPPM). 
The screening and baseline ERAs shovved where there was ecological risk— t̂he theoretical 
probability of harm based on a mathematical approach. The bioassays provided the realism or 
evidence based on a chemical mixture and measurement approach. This application is found in 
Section 7.10. 

7.9.2 Summary of Ecological Risks Associated with ALAAP Sediment 

A SERA was performed on sediment-dwelling biota at eight study areas and one 
background location at ALAAP. The SERA identified 14 COPECs (arsenic, chromium, copper, 
lead, manganese, mercury, nickel, zinc,- acetone, pyrene, benzo[g,h,i] perylene, 
benzo[k]fluoranthene, chrysene and ideno[l,2,3-cd]pyrene) wdth HQs >1 for this receptor class in 
one or more of six ofthe eight study areas. Study Areas 5 and 16 had HQs of less than one for aU 
chemicals. Study Area 9 had the greatest diversity of COPECs (all of the above except zinc), and 
showed the greatest risk based on an HI of 98, almost five times the HI of any other study area. 
This was due mainly to arsenic ahd copper, which had HQs of 27 and 33, respectively. 

A BERA was performed on the same nine study areas, and identified the same 14 COCs 
with HQs >1 for sediment-dwelling biota as were identified in the SERA. Both the range of HQs 
and the His were lower in the BERA than in the SERA. The greatest risk to sediment-dwelling 
biota occurs at'Study Areas 9,21, and 27, thus confirming the results ofthe SERA. 

In summary, there is no ecological risk at two ofthe study areas (Study Areas 5 and 16). At 
the other sbc study areas, ecological risk is small (HQs of 1 to 5 for a few metals, with the exception 
of Study Area 9). Backgroimd exhibits risk (HQs of 1 and 2) comparable to some of the study 
areas, especially CO and TA. 

7.9.3 Summary of Ecological Risks Associated with ALAAP Surtace Water 

A SERA was performed on aquatic biota, mink, and great blue herons at seven study 
locations and one background location at ALAAP. The SERA identified eight metals (aluniinum, 
arsenic, barium, cobalt, copper, iron, lead, and manganese), one organic (carbon disulfide) and two 
explosives (2,4-DNT and TNT) wdth HQs >1 for one or more receptors in one or more of sbc ofthe 
seven study areas. Talladega Creek (Study Area TA) had HQs of less than one for all chemicals. 
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Iron (occurring in five study areas), aluminum (occurring in four study areas) and manganese 
(occurring in four study areas) were the most pervasive COPECs: '• No risk was identified for great 
blue herons on the basis of the SERA. 

A BERA was performed on the same seven study areas, and identified aluminum, barium, 
cobalt, copper, iron, lead, manganese, and carbon disulfide as COCs with HQs >1. No risk was 
identified lo mink or great blue herons. The greatest risk to aquatic biota occurs at Study Area 16 
(HI = 68), due largely to cobalt (HQ = 47). Study Areas 21, 26, and 27 had His ranging from 29 to 
43. Aluminum, barium, iron, and manganese had maximum HQs <16 for aquatic biota. Copper, 
lead, and carbon disulfide all had HQs <2. 

In summary, there is no ecological risk from Study Area TA to surface water receptors. At 
all the other sites (Study Areas 9, 16, 21,26,27, and Coosa River), the only risk is to aquatic biota 
and not to terrestrial predators feeding on aquatic organisms. With the exception of cobalt, all HQs 
are 15 or less. 

Bioassays were taken to set RGOs. This purpose is clearly stated in the Final Supplemental 
RJ/FS Sampling and Analysis Plan/Work Plan Addendum of June 1996 (SAIC 1996c); this is the 
EPA and i\DEM approved work plan. Further, the use of bioassays for RGO development was 
approved by USACHPPM. The screening and baseline ERAs showed where there was ecological 
risk—^the theoretical probability of harm based on a mathematical approach. The bioassays provided 
the realism or evidence basied on a cheniical mixture and measurement approach. This application is 
found in Section 7.10. 

7.9.4 Fmal Summary 

Foir soil, aluminum and lead are the dominant source of ecological risk at several study 
areas. There are other melals wdth lower HQs, but no explosives had HQs >1. There is litfle or no 
risk at Study Areas 6, 7, 11 OE, and lOW. For sediment, only arsenic and copper at Study Area 9 
stand out. For surface water, aluminum, banum, cobalt, and manganese show the highest HQs at 
Study Arejis 16, 21,26, and 27. 

7.10 REMEDIAL GOAL OPTIONS BASED ON ECOLOGICAL RDSK 

This section discasses how ecoRGOs are developed for soil, sediment, and surface water. 
EcoRGOs are concentrations in soD, sediment, and surface water that are conservative and meant to 
be protective of sensitive ecological receptors. The ecoRGOs advanced in this section are 
ALAAP-specific because they are based, in part, on site-specific soil concentrations and 
site-specific bioassay mea?;urements. 
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RGOs are developed for terrestrial and aquatic receptors for all BERA-identified COCs wdth 
HQs > 10 and COCs with HQs > 1 that exceed ARARs. The RGOs developed in Tables 7-32 
through 7-39 are based on computations and data for tiie BERA in the Phase 1 Supplemental RI. 
For soil, RGOs are developed for aluminum, cadmium, chromium, copper, lead, nickel, vanadium, 
and zinc. Sediment RGOs are developed for aluminum and copper, and surface water RGOs are 
developed for aluminum, barium, cobalt, copper, iron, lead and manganese. Tables 7-40 through 
7-42 incorporate the results of ALAAP bioassays into the development ofthese RGOs. 

RGOs are calculated for COCs with HQs > 10 because there is a high degree of confidence 
that tiiese COCs actually pose a risk to ecological receptors, hi tiie BERA (Section 7.7), the HQ is 
calculated as the ratio of the average exposure point concentration or dose and a toxicity threshold 
equivalent to a concentration or dose associated with some level of adverse effect (e.g., LOAEL). 
In general, baseline HQs > 1 indicate that some individual receptors are likely exposed at levels that 
caused an adverse effect ofthe type measured as the endpoint of the toxicity test fix)m which the 
LOAEL was derived. According to EPA guidance, it is important to consider the uncertainty in the 
baseline HQ before a decision is made to identify a substance as a COC. There is uncertainty about 
the true value of the exposure dose and effects tiiresholds used to calculate HQs, and thus the HQ 
itself. As a result ofthese uncertainties, the true value ofthe HQ for a given substance and receptor 
at a particular study area lies in a range of values aroimd the calculated HQ. Although the size of 
this range or "gray area" varies for different COCs and receptors and is difficult to quantify, the 
more the calculated HQ exceeds 1 the more Ukely the true HQ value also exceeds 1. This motivates 
a focus on COCs with HQs > 10 to reduce the likelihood of a false positive error - concluding that 
there is a risk when there is not. The focus on HQs > 10 is meant to balance the suspected but 
unquantified sources of conservative bias in exposure estimates (e.g., overestimated bioavailabiUty, 
conservative diets, and area use factors) and effect estimates (e.g., laboratory-based benchmarks and 
ecological screening values). 

7.10.1 Sou 

Risk-based ecoRGOs for soil are calculated by methods similar to those used for risk 
assessment. However, instead of calculating the risk from dietary exposure to soil contaminants at 
the existing environmental concentrations, the method calculates the highest environmental 
concentration at which the risk from COCs in soil is not harmfiil to biological individuals, 
ecological populations, or communities. 

This ecoRGO development is limited to 11 soil COCs. Ofthese none is an ARAR, eight 
exhibit an HQ > 10, ahd tiie remainder (arsenic, mercury, and 2,4,-DNT) are substances of interest 
during the development ofthe ALAAP RI over the past 5 years. There also are some modifications 
of exposure and toxicity parameters from those used in the risk assessment. Those modifications 
are stated and documented in the foUowdng subsections, along with summaries of parameters used 
wdth no substantial changes from that earlier ERA work. 
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Table 7-32. Exposure Factors for RGO Calculations 
Alabama Army Ammunition Plant Childersburg, Alabama 

Receptors 

Short-tailed shrew 

Eastem cottontail 

American woodcock 

White-taiiled deer 

Red fox 

Red-tailed hawk 

i . 1 . - ••-:.:• 

Exposure Parameters 

SI 

0.3 

0.08 

0.45 

0.02 

C.03 

0 

AEs 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

PI 

0 

0.92 

0 

0.98 

0 

0 

TI 

0.7 

0 

0.55 

0 

0.97 

1 

AEt EF 

(0.3 X 0.1) +(0.7 X BAF,) 

(0.08 X O.I) + (0.92 xBVT) 

(0.45 X 0.1) +(0.55 X BAFi) 

(0.02 X 0.1) +(0.98 xBVT) 

(0.03 X 0.1) +(0.97 X BAF,) 

( I x B A F J 

EF - Exposure factor 
SI - Fraction of daily diet that is soil ingestion 
AEs - Absorption efficiency (flection of contaminant absorbed from ingested soil) 
PI - Fraction of daily diet that is plant tissue 
TI - Fraction of daily diet that is animal tissue 
B VT - Bioaccumulation Factor from soil to plant vegetative tissue 
BAFi - Bioaccumulation factor from soil to invertebrate (earthworm) tissue 
BAFa - Bioaccumulation factor fit)m soil to animal tissue 
AEt - Absorption efficiency (fiaction of containinant absorb>ed from ingested tissue) 

Table 7-33. Bioaccumulation Factors for RGO Development 
Alabama Army Ammunition Plant Childersburg, Alabama 

Contaminant of 
Concern 

Aluminum 

Ai-senic 

Cadmium 

Cliromium 

Copper 

' Lead 

Mlercury. 

Nickel 

Vanadium 

Zinc 

2,4-Diniti-otoluerie 

B V T ' 

8.0 X 10^ 

8.0 X 10"' 

1.1 X 10 ' 

1.5 X 10"̂  

8.0 X 10-̂  

9.0 X 10-̂  

1:8 X 10-' 

1.2 X 10-' 

1.1 X 10'' 

3.0 X 10 ' 

3.26 

BAFi" 

7.5 X 1 0 ' 

6.6 X 10-' 

1.1 X 10' 

1.6 X 10 ' 

1.6 X 10 ' 

1.7x10-' 

3.4 X 10 ' 

2.3 X 10 ' 

1.3 X 10 ' 

1.8 

46 

BAF." 

7.5 X 10-̂  

I.Ox IO' 

2.8 X 10-̂  

2.8 X 10'' 

5.0 X 10 ' 

1.5 X 10-̂  

1.3 X 10' 

3.0 X 10 ' 

1.3 X 1 0 ' 

5.0 

1.29x10"^ 

a Data from Baes et id. 1986, except 2,4-DNT BVT from Travis and Anns 1988. 
b Data fiom HAZWRAP 1994, except 2,4-DNT BAFi from Lord et al. 1980 and 2,4-DNT BAF, 

from Ng 1982. 
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Table 7-34. Dietary Toxicity Thresholds for RGO Development 
Alabama Army Ammunition Plant Childersburg, Alabama 

Ecological 
COCs 

Aluminum 

Arsenic 

Cadmium 

Chromium'' 

Copper 

Lead 

Mercury*^ 

Nickel 

Vanadium 

Zinc 

2,4-Dinitrotoluene 

Receptors 

Plant* 

50 

10 

3 
1' 

100 

50 

0.3 

30 

2 

50 

ND' 

Earthworm* 

ND-̂  

60 
20 

0.4' 

50 

500 

0.1 

200 

ND"̂  

200 

ND' 

Short-
tailed 

shrew" 

38.3 

2.5 

36.6 

100,257 

72.1 :-

293 

48.1 

293 

7.7 

1.172 

268 

Eastern 
cottontail" 

38.8 

2.53 

37.1 

101,585 

73.1 

297 

48.7 

297 

7.8 • 

1,188 

271 

American 
woodcock'' 

1,361 

25.3 

39.6 

10.5 

104 

44.4 

1.1 

212 

225 • 

306 

ND' 

White-
tailed 
deeH" 

94.5 

6.17 

90.5 

247,695 

178 

724 

119 

724 

19 

2,896 

661 

Red 
fox" 

55.2 

3.6 
52.8 

144,540 

104. 

423 
69.4 

422 

11.1 

1,690 

386 

Red-
tailed 
hawk" 

827 
15.4 

24 

6.35 

63.4 

26.9 

0.67 

129 

137 

186 

ND' 

' Threshold soil concentrations tor plants and earthworms (mg/kg soil) 
^ LOAEL dietaiy exposure thresholds (mg/kg diet) for mammals and birds 
'ND = no data available 

Based on toxicity reference values for trivalent chromium, unless otiierwise noted 
° Based on toxicity reference values ibr hexavalent chromium 
^ Based on toxicity reference values for mercuric chloride 

Table 7-35. RGOs (mg/kg) for Contaminants in Soil 
Alabama Army Ammunition Plant Childersburg, Alabama 

Ecological 
COCs 

Aluminum 

Arsenic 

Cadmium 

Chromium' 

Copper 

Lead 

Mercuiy' 

Nickel 

Vanadium 

Zinc 

2,4-DiniU'otoluene 

Receptors 

Plant 

50 

10 

3 

1̂  

100 

50 

0.3 

30 

2 

50 

ND 

Ear thworm 

ND 

60 

20 

0.4" 

50 

500 

0.1 

200 

ND 

200 

ND 

Short-
tailed 
shrew 

464 

72 

4.7 

706,040 

508 

1,967 

179 

1,534 

64 

909 

8.3 

Eastern 
cottontail 

4,437 

165 

340 

NA 

895 

18,239 

281 

15,595 

865 

4,182 

90 

American 
woodcock 

15,792 

-522 

6.5 

79 

785 

320 

4.8 

1,235,. 

1,933 

295 

ND 

White-
tailed 
deer 

33,947 

627 
824 

NA 

2,216 

66,912 

666 

52,616 

6,174 

9,784 

208 

Red 
fox 

728 

36 
1751 

526,366 

213 

24,073 

5.5-

1,437 

86 
348 

128,531 

Red-
tailed 
hawk 

11,024 

154 

858 

23 

127 

1,795 

0.05 

428 

1,052 

37 

ND 

ND = no data available 
NA = not applicable because concentration exceeds 1 x lO' mg/kg 
' Based on toxicity reference values for trivalent chromium, unless otherwise noted 
" Based on toxicity relerence values for hexavalent chromium 
' Based on toxicity referaice values for mscuiic chloride 
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Table 7-36. Lowes t̂ RGOs (mg/kg soil) for Receptor Groups 
Alabama Army Ammunition Plant Childersburg, Alabama 

Ecological COCs 

Aluminum 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Vanadium 

Zinc 

2,4-Dinitrotoluene 

Receptors 

Soil dwellers 
(plants and 

earthworms) 

50 

10 

3 

0.4 

50 

50 

0.1 

30 

2 

50 

ND 

Non-soil dwellers 
(mammals and birds) 

464 

36 

5 

23 

127 

320 

0.05 

428 

64 

37 

4 

ND = no data av̂ iilable 

Final Rl Report 7-89 August 2001 



*T1 

Ti n •n o 
3 

o 

Table 7-37. Summary of EcoRGOs (mg/kg) and Other Data Leading to Recommended EcoRGOs 
Alabama Army Ammuniti'on Plant, Childersburg, Alabama 

COC 

Aluminum 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Vanadium 

Zinc 

2,4-DNT 

RME 
Background 

(1999) 

13,401 

8.4 

<0.427 

35 

8.2 

20 

0.03 

6.9 

52 

31 

0 

LOAEL-based and Site-related 
EcoRGO (December 28) 

Immobile 
Soil-dwellers 

(e.g., plants and 
earthworms) 

50 

10 

3 

0.4 

50 

50 

0.1 

30 

2 

50 

ND 

Mobile 
Nonsoil 
Dwellers 

(e.g., mammals 
and birds) 

464 

36 

5 

23 

127 

320 

0.05 

428 

64 

37 

4 

Highest 
Measured Soil 
Concentration 
Associated with 

a No Effect 
Soil Bioassay 

22,500 

12.7 

1 

84.1 

115 

43.4 

0.2 

13.9 

71.5 

451 

21.3 

EcoRGO Based on Immobile 
Soil Dweller 

Concentration 
Believed to be 

Protective 

22,500 

13 

3 

84 

115 

50 

0.2 

30 

" 72 

451 

21.3 

Justification 

Bioassay 

Bioassay 

Soil-dweller 
EcoRGO 

Bioassay 

Bioassay 

Soil-dweller 
EcoRGO 

Bioassay 

Soil-dweller 
EcoRGO 

Bioassay 

Bioassay 

Bioassay 

EcoRGO Based on Mobile 
Nonsoil Dweller 

Concentration 
Believed to be 

Protective 

13,401 

36 

5 

23 

127 

320 

0.05 

428 ' 

- 64 

37 

4 

Justification 

Background 

Nonsoil-dweller 

Nonsoil-dweller 

Nonsoil-dweller 

Nonsoil-dweller 

Nonsoil-dweller 

Nonsoil-dweller 

Nonsoil-dweller 

Nonsoil-dweller 

Nonsoil-dweller 

Nonsoil-dweller 

t 
1 
(O o o 

COC 
ecoRGO -
LOAEL -
NOAEL -
RME -
ND 

Chemical of concem 
Ecological remedial goal option 
Lowest-observable-adverse-effects-level 
No-observable-adverse-effects-level 
Reasonable maximum exposure 
No Data 

I I 

f t 

I 
a 

c 
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1'able 7-38. Summary of Sediment EcoRGOs (pg/g) and Other Data 
Leading to Recommended EcoRGOs 

Alabama Army Ammunition Plant Childersburg, Alabama 

COC 

Aluminum 

Arsenic 

Cadmium 
Chromium 
Copper 
Iron 
Lead 
Mercury 

Molybdenum 

RME 
Background 

(1999) 

15,990 
8.4 

<0.427'' 

26 
28 

31,540 

33 
<0.087'* 

<A' 

i : 

Benthic 
Effects-based 

RGO' 

b 

8' 
1.2' 
81' 
34' 

20,000^ 

47' 
0.15' 

b 

1 , , 1 

Highest Detected Sediment 
Concentration Associated 
with a Little or No Effect 

Sediment Bioassay 

13,000 
• <12.7'' 

<0.427'' 

20.2 
23 

22,800 
17.9 

<0.087'' 

<4' 

Recommendation 
for EcoRGO 

Sediment 
Concentration 
Believed to be 

Protective 
15,990 

8' 

1.2' 

sr 
34' 

31,540 
47' 

0.15' 
b 

Justification 

Background 

ER-L 
ER-L 
ER-L 

L ER-L 
Background 

ER-L 
ER-L 

b̂ 

'NOAA ER-L or MOE benchmiirk values 
"insufficient data 
' ER-L - Effects Range-Low 
''Detected at less tiian tiie CRL 
"ER-Ls noimally used as screening values are used here in absence of specific information. 
^ MOE benchmark 

Table 7-219. Summary of Surface Water (pg/L) EcoRGOs 
and Otilier Data Leading to Recommended EcoRGOs 

Alabama Army Ammunition Plant Childersburg, Alabama 

COC 

Aluminum 

Barium 
Cobalt 
Copper 

fron 

Lead 
Manganese 

Zinc 

RME 
Background 

(1999) 

360 

52 
ND' 
ND' 

393 
ND' 
244 

ND' 

Regulatory 
Benchmark 

87" 

3.8' 
62' 

10.7". 

1,000" 
2.74" 

80' 

no" 

Highest Measured 
Surface Water 
Concentration 

Associated with a 
Little or No Effect 

Bioassay 

3,660 

42.3 
NA 
NA 

2,290 
1.26 

2,140 

LT21.1 

Recommendation 
for EcoRGO 

Surface Water 
Concentration 
Believed to be 

Protective 
87 

52 
62 
11 

1,000 
3 

2,140 

110 

Justification 

ARAR 
Background 

Tier II 
ARAR 
ARAR 
ARAR 

Bioassay 
ARAR 

' EPA Tier II value 
" ADEM freshwater chronic water criterion 
' Not detected at CRL 
' Hardness-dependent criterion normalized to 100 mg CaCoj/L 

Filial RI Report 7-91 August 2001 



Ecological Risk Assessment 

Table 7-40. Summary of Soil EcoRGOs (mg/kg) and June 1996 Bioassays 
Alabama Army Ammunition Plant Childersburg, Alabama 

coc 

Aluminum 
Arsenic 
Cadmium 

Chromium 
Copper 

Lead 
Mercury 
Nickel 

Vanadium 
Zinc 
2,4-DNT 

Recommended EcoRGO Based on Immobile 
Soil-Dweller (plants, earthworms) 1995 

Concentration 
Believed to be 

Protective 

. 22,500 

13 

3 

84 
115 
50 
0.2 
30 
72 

451 
21.3 

Jiistification 

Bioassay 

Bioassay 
Soil-Dweller EcoRGO 

Bioassay 
Bioassay 

Soil-Dweller EcoRGO 
Bioassay 

Soil-Dweller EcoRGO 

Bioassay 
Bioassay 
Bioassay 

Revised EcoRGO Based on Immobile 
Soil-Dweller (plants, earthworms) per 

1996 Bioassays 

Soil 
Concentration. 
Believed to be 

Protective 
22,500 

—" 

—' : 
—° 

320 
—° 
—" 

: ° 

. —° 
—° 

—° 

Justification 

Bioassay . 
a 

» 
a 

Bioassay 
a 

a 

a 

â 

' a 

a 

COC - Ecological chemical of concem 
EcoRGO - Ecological remedial goal option 
—' ~ No field measurement needed based on examination of 1995 soil data 

Table 7<41. Summary of Sediment EcoRGOs (mg/kg) and June 1996 Bioassays 
Alabama Army Ammunition Plant Childersburg, Alabama 

COC 

Aluminum 
Arsenic 

Cadmium 
Chromium 
Copper 

Iron 
Lead 
Mercury 

Molybdenum 

Recommendation for EcoRGO 1995 
Sediment 

Concentration 
Believed to be 

Protective 
15,900 

8" 
1.2" 

81" 
34" 

31,540 

47" ' 

0.15" 
c 

Justification 

Background 

ER-L' 
ER-L 
ER-L 

ER-L 

Background 
ER-L 

ER-L 
c 

Revised per 1996 Bioassays 
Sediment 

Concentration 
Believed to be 

Protective 
15,900 

504' 
d 

d 

^ d 

83,200 
47 

0.21 
d 

Justification 

Background 

Bioassay 
d 

d 

d̂ 

Bioassay 
ER-L 

' Bioassay 
. . d 

• ER-L - Effects Range-Low 
" ER-Ls normally used as screening values are used here in absence of specific information 
' Insufficient data 
""No field measurement needed based on examination of 1995 sediment data 
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Table 7-42. Summary of Surface Water EcoRGOs (pg/L) and June 1996 Bioassays 
Aiabama Army Ammunition Plant Childersburg, Alabama 

COC 

Aluminum 

Barium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

Zinc 

Recommendation for EcoRGO 1995 

Surface Water 
Concentration 
Believed to be 

Protective 

87 

52 

62 

11 

1,000 

3 

2,140 

110 

Justification 

ARAR 

Background 

Tier II" 

ARAR' 

ARAR' 

ARAR 

Bioassay 

ARAR'-" 

; Revised per 1996 Bioassays 

Surface Water 
Concentration 
Believed to be 

Protective 
c 

70 
C 

C 

1,000" 
c 

3,350 
c 

Justification 

c 

Bioassay 
c 

c 

ARAR' 
C 

Bioassay 
c 

• ADEM freshwater chronic water initerion 
" Hardness-de]}endent criterion normalized to 100 mg CaCos/L 
'No field meaiiurement needed based on examination of 1995 surface water data 
" Note that 1996 bioassay showed 4,250 (ig/L as being protective 

7.10.1.1 Problem Formulation 

EcoRGOs are mtended to provide exposures that do not have significant adverse effects on 
individuals and populations of ecological receptors at ALAAP sites. The conceptual site model of 
exposure to soil COCs at ^dAAP is presented in Section 7.3.3 and was used in the development of 
ecoRGOs. RepresentativtJ ecological receptors are identified in Section 7.4.5. These receptors 
represent physiologically similar biota groups exposed to contaminants by similar exposure routes 
and resulting fi'om common dietary pattems. Plants and earthworms were chosen as representatives 
of biota exposed continuoiisly or nearly continuously to soil and imable or unlikely to move out of 
the contaminated area in which they live. Eastem cottontail and white-tailed deer were chosen as 
herbivores with various home ranges. Short-tailed shrew and American woodcock were chosen as 
mid-level predatoi^ (i.e., camivores with small home ranges, preying predominantly on biota with 
small home ranges). Red fox and red-tailed hawk represent top predators (i.e., camivores with 
home rang;es much larger than an individual study area at ALAAP). 

COCs for soil are identified in Section 7.6 and summarized in Section 7.9. These COCs are 
contaminants whose mean concentrations at a given site resulted in an HQ above 10. Aluminum, 
arsenic, cadmium, copper, lead, mercury, nickel, vanadium, zmc, and 2,4-DNT were identified as 
COCs foUowing the Phase 1 investigation in late 1995. In 1999, the only new one is chromium; 
arsenic, mercury and 2-4 DNT are no longer COCs but are retained here for historical reasons. 
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7.10.1.2 Exposure Factors and Variables 

The dietary exposure of herbivores and predators depends on the amounts and types of food 
in their diets and on contaminant uptake rates by the food items. Exposure factors for ALAAP biota 
were used for the calculation of ecoRGOs. The exception was with ecoRGO development, where 
the parameter DI, the fi-action of total ingested substances coming fi'om a specific exposure unit, 
was always assumed to be i.O. This assumption was made to ensure protection of biota with dietary 
exposures similar to those of the representative receptors, but having smaller home ranges 
(e.g., robins, which may have a similar diet to woodcocks but a smaUer home range). Exposure 
factors used to calculate ecoRGOs are provided in Table 7-32 and bioaccumulation factors are 
provided in Table 7-33. 

Bioaccumulation factors for inorganic chemicals were taken from published literature 
(Baes et al. 1986, HAZWRAP 1994) and are presented in Table 7-33. For 2,4-DNT, tiie BVT is 
calculated as a fimction ofthe octanol-water partitioning coefficient, Kow (Travis and Arms 1988), 
where the Kow is estimated from the organic carbon partitioning coefficient (Koc) according to 
Lyman et al. (1990). The Koc for 2,4-DNT is 44.7 (ASTDR 1989). 

The value of BAFj for 2,4-DNT is also estimated from the Koc, the fi:-action of soil that is 
organic carbon (FQC) and an empirical relationship described by Lord et al. (1980). The value for Foe 
used in this calculation was the mean of 10 samples taken from various locations at ALAAP. Those 
10 samples had the following parameters: minimum = 1.5%, maximum = 6.3%, mean = 3.9%, and 
standard deviation = 1.4%. The value of BAFa for 2,4-DNT was taken from Ng (1982). 

7.10.1.3 Effects Evaluation 

One of the goals of remediation of the enviroimient is to protect terrestrial ecosystems, 
communities, and populations (policy goal 2, Table 7-2). To do so, it is not necessary to protect 
individuals as it is when threatened or endangered species are to be protected (policy goal 1, 
Table 7-2). Therefore, it is not necessary to use an effects threshold that protects each individual 
from adverse effects (the NOAEL). Instead, it is reasonable to use the lowest exposure 
concentration that can be shown, reliably, fo cause an adverse effect on individuals in the test 
population (the LOAEL). Toxicity threshold values used for derivation of ecoRCjOs for mammals 
and birds were either reported LOAEL values or estimated LOAEL values calculated by multiplying 
chronic NOAEL values by 10. Because most plant and earthworm benchmarks were based on 
observed adverse effects (Will and Suter 1994a, 1994b), those benchmarks were retained as 
thresholds for ecoRGO development. Toxicity data for birds and mammals were presented in 
Sample et al. (1996). Toxicity thresholds used for ecoRGO development are presented in 
Table 7-34. Except for the lead benchmark for birds, these toxicity thresholds are derived using the 
TRV used in the BERA. For the lead RGO, the benchmark for metallic lead was used because of tiie 
nature of the lead contamination in soil at the site. Thresholds were estimated for each receptor by 
applying aliometric corrections for body size and food ingestion rates as described by Sample et al. 
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(1996). For consistency witii tiie BERA, a body-weight scaling exponent of 0.25 was used for botii 
mammals and birds. 

7.10.1.4 Calculation of Risk-Based EcoRGOs 

Risk-based ecoRGOs were derived by two methods: modeling ofexposure to determine the 
highest soil concentration that would not cause the exposure threshold to be exceeded for each 
receptor; and detennining die highest soil concentration of each COC in soil tiiat did not exhibit 
toxicity in junbient toxicity tests. 

EcoRGOs from Modeled Risk—EcoRGOs are derived from modeled exposure and 
estimated toxicity thresholds by a rearrangement ofthe HQ equation presented in Section 7.6.1. 
That equation is as follows: 

H() = Environmental Concentration x Exposure Variables 
Toxicity Threshold Concentration 

The ecoRGO is the environmental concentration ofa contaminant at which the HQ is 1, so 
the equation is rearranged to the following: 

_ Toxicity Threshold Concentration 
RGU 

Exposure Factor 

Using the exposure factors in Table 7-32, the bioaccumulation factors in Table 7-33, and tiie 
toxicity tiireshold data in Table 7-34, ecoRGOs were calculated for each receptor (Table 7-35). The 
lowest ecoRGOs for each COC for the vegetation and for the more mobile biota are presented in 
Table 7-36. 

There are two major sources of uncertainty in the ecoRGOs calculated fitim exposure 
factors and estimated toxicity thresholds: representativeness of the contaminated soil used in 
toxicity tests, and the Auction ofthe contaminant that is bioavailable at the site. Laboratory toxicity 
tests typically are conducted by adding solutions of the test chemicals to soil rather than by using 
soil that hi\s undergone leaching and weathering so that contaminants are at equilibrium with other 
soil components. In addition, analysis of chemicals in soil involves destmctive extraction of the soil 
that is unUkely to give an accurate estimate ofthe concentrations of chemicals readily available for 
uptake by biota. Ambient toxicity tests use site-specific soU having the same properties of 
bioavailability as the soil 1;o which onsite biota are exposed. Therefore, the results of soU toxicity 
tests, especially when the tests show no toxicity, are a more reliable indication of site-specific 
toxicity thiin the results of toxicity modeling. 

EcoRGOs from Site-specific Ambknt ToxkUy Tesft—Toxicity testing (seed germination 
and earthv/orm viabUity and growth) was conducted on soU samples collected from Study Areas 7, 
8, 17, 16/19, and the background or reference location in tiie northeast part of Area A. No toxicity 
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was observed in any ofthe soU samples. The concentrations of COCs in samples used for toxicity 
testing are presented in Table 0-342 in Appendix O. When more knowledge about the locations of 
the highest concentrations was avaUable, additional samples were collected for bioassays. From 
work on a draft FS (from circa 1996), it was leamed that only some ofthe study areas showed 
concentrations of COCs higher than tiieir RGOs. Therefore, selected COCs were analyzed in the 
media samples for bioassays. Table 7-40 summarizes the results ofthe Phase 2 (1996) bioassays as 
they influence the RGOs for the immobUe or soU-dweUing receptors. The highest concentration of 
each COC iii a soU sample that caused no toxicity was assumed to be a conservative ecoRGO; 
higher concentrations might also be shown to be nontoxic if they were tested. 

7.10.1.5 Conclusions 

EcoRGOs were calculated for a variety of receptors representing different frophic groups, 
ecological exposure rates, and sensitivities to toxicants. Assumptions based on Uterature toxicity 
data and exposure data were used to model ecoRGOs, and direct testing ofthe toxicity of ALAAP 
soil to plants and earthworms was used to determine if the modeled results were overly or 
insufScientiy conservative for those receptors, hi every case where the maximum COC 
concentration in tested soil exceeded the modeled ecoRGO, the soU was found not to be toxic. 
Therefore, it was concluded that the results of site-specific toxicity testing are a better measure of 
toxicity than the modeled results. Accordingly, ifthe highest concentration of a COC in tested soU 
exceeded the modeled ecoRGO, the site-specific concentration is recommended as the ecoRGO. 

Tables 7-37 and 7-40 present the lowest ecoRGO for each COC and each receptor group at 
ALAAP. The recommended ecoRGOs (Table 7-40) would protect the most sensitive receptors at 
possible risk at the ALAAP sites. 

7.10.2 Sediment 

EcoRGOs for sediment are based on: RME background concentrations, potential effects 
benchmarks for benthic biota, or concentrations associated with sediments that were not toxic in 
site-specific bioassays. 

Effects-based benchmarks are ER-L values presented by Long et al. (1994), except for iron, 
which has no ER-L. ER-Ls were derived by ranking chemical concentrations in naturally occurring 
sediments that were shown to have adverse effects to benthic species and choosing the lo.west 10th 
percentUe concentration (Long et al. 1994). They are intended as screening values that, if exceeded, 
indicate the need to carry out site-specific toxicity testing. The effects benchmark for iron is the 
low-range value presented by the Ontario Ministry ofthe Environment (Persaud et al. 1993). No 
effects-based benchmark was avaUable for aluminum and molybdenum. 

Site-specific bioassay resiUts showed sUght toxicity of some sediment samples to the test 
species, Hyalella azteca. Sites that showed sUght toxicity were resampled, and the repeat bioassays 
showed no toxicity. 
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The: concentrations of COCs in sediment samples associated with samples used for 
site-specific bioassays are shown in Table 0-343 in Appendix O. Arsenic and cadmium were not 
detected in any ofthe three samples; mercuiy was not detected in one sample; and mercuiy and lead 
were both detected at less than the cbntract required reporting liinit (CRL) in two of the three 
samples. The CRL is generally above the detection limit ofthe method because a chemical can be 
detected at concentrations below that at which it can be reUably quantified. As specified by EPA 
protocols, \vhen a CEB is detected but is foimd to be below the CRL, its presence is reported less 
than (LT) the numerical vjilue of tiie CRL. Values reported as LT were not used as ecoRGOs if 
there was another, mbre reliable value available. 

Table 7-38 presents the background, effects-based benchmarks, and bioassay-related values, 
along with ecoRGOs dev<;loped earlier in the RI process for ALAAP sediments. Table 7-41 
sunimarizes the results of ttte Phase 2 (1996) bioassays. When background for a COC was above its 
ER-L or bioassay-related value, background was chosen as the ecoRGO, because it is not 
reasonable to clean up to concentrations below naturaUy occurring background. When a detected 
bioassay-related value was the highest, it was chosen as the ecoRGO, because toxicity was slight 
and the toxicity tests were performed on benthic biota that represent sensitive populations in 
sediment. The benthic effects-based value (ER-L) was used as the ecoRGO when it was higher than 
background and the bioassay-related value because these values are deemed protective. 

7.10.3 Surtace Water 

EcoRGOs for surface water are based on background concentrations, effects-based 
benchmarks, or concentrations associated with surface water samples that were not toxic in 
site-specific bioassays. Effects-based benchmarks are ADEM and EPA Tier II benchmark values 
for aquatic biota. Aquatic effects benchmarks are expressed for both chronic and acute exposure, 
where acute exposure is defined for the minimum 1-day low flow that would occur in a 10-year 
period and chronic exposure is defined for the minimum 7-day low flow that woiUd occur in a 
10-year period. Chronic benchmarks were chosen for consideration as ecoRGOs because attaining 
acute benchmarks, which ;are higher than chronic benchmarks, would not protect against chronic 
aquatic exposure. 

The concentrations of COCs in surface water samples coUected at the same locations as 
samples ased for site-specific bioassays are shown in Table 0-344 in Appendix O. Zinc was 
detected in only one sample, BW-21-002, at a concentration below tiie CRL. The other COCs were 
detected in aU samples. Aluminum was detected in one background sample (BW-BK-002). Lead 
was detected in only one sample (BW-21-002) above tiie CRL. 

Table 7-39 presents the background, effects-related regulatory benchmarks, and 
bioassay-related values. V/hen tiiere were ARARs (ADEM chronic values presented in Table 7-1) 
that were below bioassay values (e.g., iron), the chronic ARARs were chosen as RGOs because 
ARARs aie assumed to take precedence over values related to site-specific effects. When the 
background value was above an effects benchmark that is not an ARAR and above the bioassay 
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value (i.e., for barium), the background value was chosen as the ecoRGO. When the 

bioassay-related value was above background and ARARs did not apply (i.e., for manganese), tiie \ J 
bioassay-related value was used as tiie ecoRGO. Table 7-42 summarizes the results ofthe Phase 2 
(1996) bioassays. 

7.10.4 Master Summary 

EcoRGOs were developed for the COCs at ALAAP witii HQs > 10 in soU, sediment, and 
surface water and tiiose with HQs > 1 and exceeding ARARs. Data both fi'om otiier locations and 
ALAAP were used to develop these ecoRGOs. The recommended soU RGOs based on mobile non-
soU dweUing receptors are as follows: 

Aluminum—13,400 mg/kg 

Arsenk—3 6 mg/kg 

Cadrruum—5 mg/kg 

Chrorruum—^23 mg/kg 

Copper—127 mg/kg u 

Lead—320 mg/kg "•"'••• 

Mercury—0.05 mg/kg '" " 

Nkkel—^^2% mg/kg 

Vanadium—64 mg/kg 

Zinc—3 7 mg/kg \ ^ 

2,4-DNT—A mg/kg. 

SoU RGOs for nonmobile or soil dweUers are as follows: 

Aluminum—22,500 mg/kg 

Arsenk—13 mg/kg 

Cadmium—^3 mg/kg 

Chrorruum—84 mg/kg 

Copper—320 mg/kg 

Lead—50 mg/kg 

Mercury—Q.2 mg/kg 

Nkkel—30 mg/kg 

VanatUum—72 mg/kg 

Zinc—451 mg/kg 

2,4-DNT—21 mg/kg. 

The RGOs for sediment are as foUows: 

• Alurrunum—15,900 mg/kg — 

• Arsenk—504 mg/kg V , ^ 
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• Cadrruum—1.2 mg/kg 
\̂ moJ • Chrorruum—81 mg/kg 

• Copper—34 mgjkg 
• /ron—83,200 mg/kg 
• Lead—47 mg/kg 
• Mercury—0.15 mg/kg 
• Molybdenum—insufficient data. 

The RGOs for surface water are as follows: 

• Aluminum—87 ^g/L 
• Barium—70 yî JL 
• CobaU—62 ng/L 
• Copper—11 ng/L 
• Iron—\,000 ^g/L 
• Lead—3 ^g/L 
• Manganese—^3,350 ^g/L 
• Zinc—110 ug/I. 

These are beUeved to be conservative values and can be used with confidence that they 
protect ecological receptors. 

^ 
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8. CONCLUSOONS AND RECOMMENDATIONS 

This section sumtnarizes the results of the Supplemental Remedial Investigation (RI) 
conducted by Science Applications International Corporation (SAIC) at Area B ofthe Alabama 
Army Armnunition Plant (ALAAP) and presents overall conclusions and recommendations for each 
study area. The section focuses on the chemicals of concem (CQCs) identified in the quantitative 
ecological and human health risk assessments. 

In̂  the human health risk assessrnent, noncancer and cancer risks were estimated for 
exposures to soil, groundwater, sediment, surface water, rabbit, and fish tissue. The scenarios 
under which these exposures were evaluated include current and future industrial land use, future 
construction land use, fulure recreational land use, and future residential land use. Under the 
industrial .ind construction worker scenarios, the exposed receptors are adult workers. Under the 
residential and recreational scenarios, the exposed receptors are adults and children who live and 
participate in recreational activities in the areas under investigation. Uncertainty in the human 
health risk assessment is inherent in every step ofthe risk process. As discussed in Section 6.5, 
uncertainty may be associated with the environmental sampling and analysis of monitoring data, 
the exposure assessment, the toxicity assessment, and the risk characterization. The general bias 
of the. risk assessment is to err on the side of conservatism although many of the sources of 
uncertainty have the potential to either overestimate or underestimate risk. 

The ecological risk assessment consisted of both screening and baseline types. In each, a 
number of land-based (i.e., terrestrial) and water-based (i.e., aquatic) receptors from a range of 
trophic positions were evaluated. For example, terrestrial receptors included vegetation, 
earthworms, rabbits, deer, shrews, woodcocks, red foxes and red-tailed hawks and represented 
plants, pliint-eaters (i.e., herbivores) and flesh-eaters (i.e., camivores). Aquatic receptors 
included vegetation, sediment-dwelling organisms (e.g., crayfish), aquatic animals (e.g., golden 
shiners), i\nd fish-eating predators (e.g., great blue herons and mink). Habitait maps, actual 
measurements of tissues, and bioassays of several organisms were performed to add realism to 
the risk assessments. 

EPA has established target risk levels for use in determining the need for remediation. The 
risk characterization calculates risks and compares these to target levels. If these levels are 
exceeded, the COCs responsible for the exceedances are identified. COCs were identified in the 
human health risk assessment if a chemical (or chemicals) significantly contributed to a pathway 
that exceeded a 1 x 10^ cjincer risk or a hazard index (HI) of 1. In the ecological risk assessment, 
COCs were identified ifthe hazard quotient (HQ) exceeded 1 for soil, sediment, and surface water. 

Summaries and conclusions for each study area are provided in Section 8.1 along with 
recommendations for ftirther action for soil, sediment, and surface water at individual study 
areas. Section 8.2 presents a broader discussion of the media evaluated across Area B 
(i.e., groundwater, soil, sediment, and surface water). Section 8.3 presents a summary of the 
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human health remedial goal options (HHRGOs) and ecological remedial goal options (ecoRGOs) 
that have been developed for ALAAP - Area B. These remedial goal options (RGOs) will be 
fiarther considered in the feasibility study (FS) for ALAAP. 

8.1 STUDY AREA AND CERFA SITE SUMMARIES AND RECOMMENDATIONS 

This section summarizes the significant findings for each study area and Community 
Environmental Response Facilitation Act (CERFA) site investigated during the Supplemental RI. 

The basis for the recommendations for each study area and the CERFA sites are highlighted 
in this section. Recommendations for soil at each study area are summarized in Table 8-1. 
Tablle 8-2 summarizes the recommendations for sediment at the appUcable study areas. Table 8-3 
summarizes the recommendations for surface water at the applicable study areas. 
Recommendations are based on human health (for both the likely and the most conservative land 
use scenarios) and ecological risk assessments. Industrial land use is the intended fiiture land use of 
Area B according to the Site Management Plan prepared by the U.S. Army Environmental Center 
(USAEC) for ALAAP (USAEC 1995b). Because ftiture industrial use ofthe land could require 
construction of buildings or other structures, the constmction scenario risk resuhs are important 
contributions to the conclusions and recommendations. Therefore, conclusions and 
recommendations for ftirther actions are presented in this Supplemental RI Report for the most 
likely fiiture land use (i.e., industrial and constmction). In addition, conclusions and 
recommendations are presented for each ofthe study areas for the most conservative land use (i.e., 
residential) in accordance with U. S. Environmental Protection Agency (EPA) guidance. The final 
assessment ofthe need for remediation at ALAAP - Area B will be made through risk management 
decisions. 

Groundwater beneath the main industrial portion of Area B contains concentrations of 
nitroaromatics and metals that result in sufficiently high risk estimates to indicate that any use ofthe 
untreated groundwater would result in risks above EPA targets. Metals (arsenic, beryllium, lead, 
and nickel) and organics (carbon tetrachloride, pentachlorophenol [PCP], bis[2-ethylhexyl]phthalate 
[B2EHP], and vinyl chloride) were detected at concentrations that exceed the maximum 
contaminant levels (MCLs). Due to the significant groundwater contamination detected within 
Area B, additional investigations are being conducted. Recommendations for groundwater will be 
provided in a subsequent report. 

8.1.1 Study Area 2 - Smokeless Powder Facility 

So/7 

• Nineteen metals were detected at concentrations that exceeded background. 
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Table 8-1. Recommendations for Soil 

Alabama Army Ammunition Plant, Childersburg, Alabama 

study 
Area No. 

,2 
3 

4 
6 

7 

8 

8 

10-East 
10-West 

16 
17 
18 
19 
20 

22 

25. 

CERFA 
Site 

CERFA 
Site 

CERFA 
Site 

CERFA 
Site 

Study Area 

Smokeless Powder Facility 
Sanitary Landfill and Lead 
Facility 
Manhattan Project Area 
Southem TNT 
Manufacturing Area 

Northem TNT 
Manufacturing Area 

Acid/Organic 
Manufacturing Area 
Acid/Organic 
Manufacmring Area - Test 
Pits 
Tetryl Manufacturing Area 
Tetryl Manufacturing Area 
Flashing Ground 
Propellant Shipping Area 
Blending Tower Aiea 
Lead Facility 
Rifle Powder Finisliing 
Area 
Demolition Landfill 

Storage Battery/Demolition 
Debris 

Coke Oven (B6) 

Downed Utility Poles with 
Transformers and . 
Transformer Storage 
Building (PO) 
USTs and Gas Station (US 
and GS) 
Fertilizer and Pesticide 
Storage Building (PS) 

Protection of Human Health 
Likely Land Use 
(Industrial and 
Construction) 

Evaluate in FS. 
No ftuther action. 

Evaluate in FS. 
No fiirther action. 
Site has been 
remediated. 
No fiirther action. 
Site has been 
remediated. 
Evaluate in FS. 

Evaluate in FS. 

Evaluate in FS. 
No fiirther action. 
Evaluate in FS. 
Evaluate in FS. 
No finther action. 
No fiirther action. 
No fiirther action. 

No fiirther action. 
Landfill has been 
capped. 
Remove batteries and 
debris from hillside. 

No fiirther action. 

No fiarther action 
pending approval of 
the Closure Report for 
remediated soils. 
Nb fiuther action 

Evaluate in FS. 

Most Conservative 
Land Use 

(Residential) 
Evaluate in FS. 
Evaluate in FS. 

Evaluate in FS. 
No fiuther action. 
Site has been 
remediated. 
No fiuther action''. 
Site has been 
remediated. 
Evaluate in FS. 

Evaluate in FS. 

• 

Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 

No fiuther action. 
Landfill has been 
capped. 
Remove batteries and 
debris from hillside. 
Evaluate COCs in FS. 

Evaluate in FS. 

No fiarther action 
pending approval of 
the Closure Report for 
remediated soils. 

Evaluate in FS. 

Evaluate in FS. 

Protection of 
Ecological Resources' 

Evaluate in FS. 
Evaluate in FS. 

Evaluate in FS. 
No ftirther action*". 
Site has been 
remediated. 
No fiirther action''. 
Site has been 
remediated. 
Evaluate in FS. 

No ftuther action. 

Evaluate in FS. 
Evaluate iri FS. 
Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS. 
No fiirther action. 
Evaluate in FS. 

No fiuther action. 
Landfill has been 
capped. 
Remove batteries and 
debris from hillside. 
Evaluate COCs in FS. 

Evaluate in FS. 

No fiuther action 
pending approval of 
the Closure Report for 
remediated soils. | 
No fiarther action. 

Evaluate in FS. 

' Recommendations are based on ecoCOCs with HQ >1. 
""Risk assessrnent results show COCs. However, site has been remediated. 

J J 
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Table 8-2. Recommendations for Sediment 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Study 
Area No. 

5 
9 

9 
9 

16 
21 

26 

27 

Talladega 
Creek 
Coosa 
River 

Study Area 

Red Water Storage Basin 
Aniline Sludge Basin -
Sediment 
Aniline Sludge Basin - Tar 
Aniline Sludge Basin - • 
Sediments Beneath Tar 
Flashing Ground 
Red Water Ditch 

Crossover Ditch 

Beaver Pond Drainage 
System 

Protection of Human Health 
Likely Land Use 
(Industrial and 
Construction) 

No fiuther action. 
No fiuther action. 

No ftuther action. 
No fiarther action. 

No ftuther action. 
No ftuther action.. 

No ftuther action. . 

No fiirther action. 

No fiuther action. 

No ftirther action. 

Most Conservative 
Land Use 

(Residential) 
No ftuther action. 
Evaluate sediment in 
FS. 
No fiirther action. 
No fiuther action. 

No fiuther action. 
No fiuther action. 

No fiuther action. 

No fiuther action. 

, No fiuther action. 

No fiirther action. 

Protection of 
Ecological 
Resources' 

No fiuther action. 
Evaluate sediment in 
FS. 
No fiirther action. 
No fimher action. 

No ftirther action. 
Evaluate sediment in 
FS. 
Evaluate sediment in 
FS. 
Evaluate sediment in 
FS. 
No ftuther action''. 

No further action"'. 

" Recommendations are based on ecoCOCs with HQ>1. 
'' Although risk assessment results show COCs, no ftirther action is recommended in this Supplemental RI/FS. This 

area is being evaluated as part ofa separate groundwater investigation. 

Table 8-3. Recommendations for Surface Water 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Study 
Area No. 

9 
16 
21 

26 

27 

Talladega 
Creek 
Coosa 
River 

StudyArea 

Aniline Sludge Basin 
Flashing Ground 
Red Water Ditch 

Crossover Ditch 

Beaver Pond Drainage 
System 

Protection of Human Health 
Likely Land Use 
(Industrial and 
Construction) 

No fiarther action. • 
No fiuther action. 
No fiuther action. 

No fiarther action. 

No fiarther action. 

No ftuther action. 

No fimher action. 

Most Conservative 
Land Use (Residential) 

No fiirther action. • 
No fiirther action. 
Evaluate in FS based on 
COCs in fish tissue. 
Evaluate in FS based on 
COCs in fish tissue. 
Np fiuther action. 

No ftuther action. 

No ftirther action. 

Protection of 
Ecological Resources* 

Evaluate in FS. 
Evaluate in FS. 
Evaluate in FS.. . 

Evaluate in FS. 

Evaluate in FS. 

No ftirther action. 

No ftirther action .. 

' Recommendations are based on ecoCOCs with HQ>1. 
'' Although risk assessment results show COCs, no fiuther action is recommended in this Supplemental RI/FS. This 

area is being evaluated as part ofa separate groundwater investigation. 
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• Soil screening data collected during Phase 1 indicated that extensive explosives 
V-V contamination is not present in the surface soils. Contamination was limited to an area 

of 500 feet square and to a depth of 1 foot below land surface (BLS). Laboratory 
analysis confinned the presence of 2,4-dinitrotoluene (2,4-DNT) contaminated soil at 
one location at a concentration of 26,100 ^g/g. The area of contaminated soil was 
remediated. 

• Under the likely ftiUire land use scenarios (i.e., industrial and construction), human 
health COCs include arsenic and six polycyclic aromatic hydrocarbons (PAHs) 
(benzo[a]anthracene, benzo[a]pyrene, benzo[b] fluoranthene, benzo[k]fluoranthene, 
dibenzo[a,h]aniliracene, and indeno[l,2,3-cd]pyrene). 

• Under the most conservative land use scenario (i.e., residential), human health COCs 
include 2,4-dimtrotoluene, four metals (arsenic, hexavalent chromium, iron, and 
manganese), and six PAtls (benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, 
benzo[k] fluoranthene, dibenzo [a,h] anthracene, and indeno[l,2,3-cd]pyrene). 

• Eight metals (aluminum, arsenic, barium, chromium, lead, manganese, vanadium, and 
zinc) were identified as ecoCOCs (HQ>1). EcoCOCs with HQs >10 included 
aluminum, chromium, lead, and vanadium. Aluminum was detected in Study Area 2 at 
among the higliest concentrations within Area B and was the primary metal contributor 

•y J to ecological risk. 

Recommendations 

• 

• 

• 

The areas of soil containing the 2,4-DNT and PAH contamination have been 
remediated. 

For the protection of human health based on the likely land use scenarios (i.e., industrial 
and construction), the FS should evaluate actions required for the PAHs and the elevated 
arsenic concentrations in the surface soils. 

For the protection of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for 2,4-DNT, PAHs, and the 
elevated metals concentrations in the surface and subsurface soils. 

For the protection of the environment, the FS should evaluate actions required for 
elevated metals concentrations in the surface soils. 

8.1.2 Situdy Area 3 - Sanitary Landfill 

SoU 

• Eighteen metals were detected at concentrations that exceed background. 
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• Under the likely ftiture land uses (i.e., industrial and constmction), no human health 
COGs were identified. 

• Under the most conservative land use scenario (i.e., residential), human health COCs 
include arsenic, iron, and manganese. 

• Four metals were identified as ecoCOCs (HQ >1) (arsenic, cobalt, lead, and vanadium). 
Vanadium was identified as an ecoCOC with an HQ >10. 

• No explosives, volatile organic compounds (VOCs), semivolatile organic compounds 
(SVOCs), or pesticides/polychlorinated biphenyls (PCBs) were identified as COCs at 
this study area. 

Recommendations 

• For the protection of human health based on the likely land use scenarios (i.e., industrial 
and construction); no ftirther action is recommended. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated metals 
concentrations in the surface and subsurface soils. 

• For the protection of ecological resources, the FS should evaluate actions required for 
ecoCOCs in the surface soil. 

8.1,3 Study Area 4 - Manhattan Project Area 

Sou 

' • Thirteen metals were detected at concentrations that exceed background. 

• Under the ftiture constmction land use, lead was identified as a human health COC. 

• Under the most conservative land use scenario (i.e., residential), lead was identified as a 
human health COC. 

• Three metals (aluminum, lead, and zinc) were identified as ecoCOCs (HQ >1). 
Aluminum and lead were ecoCOCs with HQ >10. Aluminum is the primary contributor 
to ecological risks (HQ >100). 

No explosives, volatile organic compounds (VOCs), or semivolatile organic compounds 
(SVOCs) were identified as COCs. 
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Recommendations 

J J 
• For the protection of human health based on the Hkely land use scenarios (i.e., industrial 

and constmction), the FS should evaluate actions required for the elevated lead 
concentrations in the surface soils. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for the elevated lead 
concentrations in the surface and subsurface soils. 

• For protection of ecological resources, the FS should evaluate actions required for 
ecoCOCs in the surface soils. 

8.1.4 Study Area 5 - Red Water Storage Basin 

Sediment. 

• No metals were detected at concentrations that exceeded background in the sediments at 
Study Area 5. One nontarget explosive compound (cyclotetramethylenetetranitramine 
[HMX]) was detected in one sediment sample at a concentration of 0.499 |ag/g. There is 
no documented history of HMX use at ALAAP. 

l.^^y • No human heallh or ecoCOCs were identified. 

Recommendation 

• No ftirther actions are required for sediments at the Red Water Storage Basin. 

8.1.5 Study Area 6 - Southern TNT Manufacturing Area 

So/7 

o Ten metals wers detected in the soils at concentrations that exceed background. 

• No human health COCs were identified.. 

o Lead was identified as an ecoCOC (HQ >1) in surface soil. Lead was not identified as 
an ecoCOC with an HQ >10. 

Recommendation 

• This study area has been remediated. Therefore, no ftirther action is required. 

Final RI Report 8-7 August 2001 



Conclusions and Recommendations 

8.1.6 Study Area 7 - Northern TNT Manufacturing Area 

Sou 

• Thirteen metals were detected in soils at concentrations that exceed background. 

• Under the likely ftiture land uses (i.e., industrial and constmction), no human health 
COCs were identified. 

• Under the most conservative land use (i.e., residential), human health COCs include 
2,4,6-trinitrotolune (TNT) and manganese. 

• Lead was identified as an ecoCOC (HQ >1) in surface soil. Lead was not identified as 
an ecoCOC with an HQ > 10. 

Recommendation 

• This study area has been remediated. Therefore, no fiirther action is required. 

8.1.7 Study Area 8 - Acid/Organic Manufacturing Area 

Sou 

• Nineteen metals were detected at concentrations that exceed background. 

• Under the fiiture constmction land use, nickel was identified as a human health COC. 

• Under the most conservative land use (i.e., residential), human health COCs include five 
metals (arsenic, iron, lead, manganese, and nickel), and five PAHs (benzo[a]anthracene, 
benzo [a] pyrene, benzo[b] fluoranthene, dibenzo[a,h]anthracene, and indeno[ 1,2,3-
cd] pyrene). 

• Nine metals (aluminum, arsenic, barium, lead, manganese, molybdenum, nickel, 
vanadium, and zinc) were identified as ecoCOCs (HQ>1). Four metals (aluminum, 
lead, nickel, and vanadium) were identified as ecoCOCs with HQs >10. The primary 
contributors to ecological risk are aluminum, lead, and nickel. Aluminum had an HQ 
>100 and was detected in the westem region ofthe former manufacturing area and the 
nonmanufacturing portion of Study Area 8. 

• Vanadium was detected in the nonmanufacturing portion of Study Area 8, near the 
Aniline Sludge Basin. 

• No explosives or VOCs were identified as COCs. 
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Test Pits 

Ĵ  
• 

• 

Eleven metals were detected at concentrations that exceeded background in the 
subsurface soil samples collected frorri the test pits. 

Under,the ftiture constmction land use, iron in subsurface soil was identified as a human 
health COC. 

• Under the most conservative land use (i.e., residential), the human health COCs in 
subsurface soil include three metals (antimony, arsenic, and iron). 

• Ecological risk assessments were not conducted because all of the soil samples were 
collected from subsurface depths. 

Recommendations 

• For the protection of human health based on the Hkely land use scenarios (i.e., industrial 
and constmcticin), the FS should evaluate actions required for elevated nickel 
concentrations in the surface soil and elevated iron concentrations in the subsurface soil. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated metal 

V_y concentrations in the surface and subsurface soils and elevated PAH concentrations in 
the surface soil. , : 

• For protection of ecological resources, the FS should evaluate actions required for 
elevated metal concentrations in the surface soil. . No ftirther actions are required for 
subsurface soil for protection of ecological resources. 

.-• 8.1.8 Study Area 9 - Aniline Sludge Basin 

Sediment 

• Eleven metals were detected at concentrations that exceed background. The highest 
concentrations of metals were detected at the northem end ofthe basin, suggesting that 
the source was the inlet to the basin. The presence of metals in the sediments at the 
Aniline Sludge Basin is consistent with its use as a holding pond for sludges from the 
Acid/Organic Manufacturing Area. 

• Sediment exposures were not evaluated under industrial and constmction fiature land 
uses. Therefore, no human health COCs were identified for the likely fiiture land use. 

• Under the most conservative land use (i.e., residential), iron was identified as a human 
health COC. 
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Seven metals were identified as ecoCOCs (HQ >1), including arsenic, chromium, 
copper, lead, manganese, nickel, and zinc. Arsenic and copper were ecoCOCs with HQs 
>10. Four PAHs were identified as ecoCOCs (HQ >1). These PAHs were not 
ecoCOCs with HQs > 10. 

No explosives or VOCs were identified as COCs in the human health or ecological risk 
assessments. 

An elevated concentration of explosives (1,800 îg/g) was detected in one screening 
sample collected at a depth of 1 foot BLS at the outiet'to the basin. Explosives were not 
detected in any other screening samples collected froiti the basin. TNT and 4-amino-
2,6-DNT (4-A-2,6-DNT) were detected at concentrations less than 5 |ig/g in the 
confirmatory samples from the basin sediments. 

Tar 

• Ten metals were detected at concentrations that exceeded background. Three SVOCs 
were detected in the tar collected from the Aniline Sludge Basin 
(carbazole, N-Nitrosodiphenylamine, and phenol). 

• Exposures to the tar were not evaluated under industrial and constmction fiiture land 
uses. Therefore, no human health COCs were identified for the likely fiature land use. 

• Under the most conservative land use (i.e., residential), iron, lead, and N-
nitrosodiphenylamine were identified as human health COCs. 

• Exposure tb tar was not evaluated in the ecological risk assessrnent. Therefore, no 
ecoCOCs were identified. 

Sediment Beneath Tar 

• Eight metals were detected at concentrations that exceeded background in the sediments 
collected from beneath the tar at the Aniline Sludge Basin-. 

• Four SVOCs were detected in the sediments, that were sainpled from beneath the tar. 
Three ofthe SVOCs (carbazole, N-Nitrosodiphenylamine, and phenol) were detected in 
both the tar and the sediments beneath the tar. Benzoic acid also was detected in the 
sediments beneath the tar. 

• No human health COCs were identified. 

• Exposure to subsurface sediments was not evaluated in the ecological risk assessment. 
Therefore, no ecoCOCs were identified. 
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Surface Water 

• One surface water sample was collected at Study Area 9. Five metals were detected at 
- concentrations i;hat exceeded background in the surface water. Explosives and SVOCs 

were not detect<;d in the surface water sample. 

• Surface water exposures were not evaluated under industrial and constmction ftiture 
land uses. Therefore, no human health COCs were identified for the likely ftiture land 
use. 

• Under the mosi: conservative land use (i.e., residential), no human health COCs were 
identified. 

• Three ecoCOCs (copper, iron, and lead) were identified in the surface water at 
SUidy Area 9 with HQs > 1. No ecoCOCs were identified with HQs >10. 

• The concentrations of copper, iron, and lead in the surface water sample slightly 
exceeded the Alabama Department of Environmental Management (ADEM) criteria and 
National Ambient Water Quality Criteria (NAWQC) for these metals. 

Recommendations 

V--/ • The tar and contaminated sediments beneath the tar have been removed from Study 
Area 9. 

• For the protection of human health based on the likely land use scenarios (i.e., industrial 
and constmction), no fiirther action is required for sediments. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated iron 
concentrations in sediment. 

• For protection ofthe environment, remediation of sediments should be evaluated in the 
FS. 

• No fiirther actions are required for siirface water for the protection of human health. 

• Further evaluation in the FS is recommended for surface water based on the ecological 
risk assessment. 
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8.1.9 Study Area 10-Tet iy l Manufacturing Area (East) 

Sou 

• Screening data did not indicate the presence of explosives in surface soils in the eastem 
half of the study area; this was confirmed by laboratory analysis of soil samples. 

\ t 

• Fifteen metals were detected at concentrations that exceeded background in the surface 

soils at Study Area 10. 

• Under the likely fijture land uses (i.e., industrial and constmction), manganese was 
identified as a human health COC. 

• Under the most conservative land use scenario (i.e., residential), human health COCs 
include iron and manganese. 

Barium, lead, and manganese were identified as ecoCOCs (HQ>1) in surface soils. No 
metals were identified as ecoCOCs with HQs >10. 

• No SVOCs or VOCs were identified as human health or ecological COCs. 

Recommendations 

• For the protection of human health based on the Hkely land use scenarios (i.e., industrial 
and constmction), the FS should evaluate actions required for elevated manganese 
concentrations in surface soil. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), • the FS should evaluate actions required for elevated metals 
concentratioris in surface and subsurface soils. 

• For protection of ecological resources, the FS should evaluate actions required for 
elevated metal concentrations in the surface soil. 

8.1.10 Study Area 1 0 - Tetryl Manufacturing Area (West) 

Son 

• The westem part of Stiidy Area 10 has been remediated by excavation of tetryl-
contaminated soils. The soils were incinerated in an onsite freatment unit. Five 
explosive compounds were detected in the soils sampled following remediation in the 

' westem portion of Study Area 10. Explosives were detected in 7 of 57 surface soil 
confirmatory samples. Tetryl was detected in 54 of 96 shallow subsurface soil samples 
(from depths at the bottom ofthe excavated areas). All tetryl concentrations were below 
1,250 |ag/g except one sample (2,939 |ag/g). 
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• Lead was the only metal analyzed in soil samples that were collected after the 

remediation at Study Area 10-West. Lead was detected in all 49 surface soil and 103 
shallow subsuriace soil samples collected for confirmatory analysis. The maximum lead 
concentration detected was 2,000 |ig/g in the surface soils and 400 |ig/g in the 
subsurface soils. 

• Under the likely ftiture land uses (i.e., industrial and constmction), no human health 
COCs were identified. 

• Under the most conservative land use (i.e., residential), lead was identified as a human 
health COC. 

• Lead was identified as an ecoCOC with an HQ>10. 

Recommendations 

• For the protection of human health based on the Hkely land use scenarios (i.e., industrial 
and constmction), no fiarther action is recommended. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated lead 
concentrations in the surface soil. 

• For the protection of ecological resources, the presence of lead in surface soil should be 
evaluated in the FS. 

8.1.11 Study Area 16 - Flashing Ground 

So/7 

• Study Area 16 has been remediated by excavation of explosives- and lead-contaminated 
soils. The soils were freated by incineration (explosives and lead) and stabilization 
(lead only). Some areas of lead-contaminated soils remain at concentrations that 
exceeded backj^ound. The maximum lead concentration detected in the surface soils 
was 5,400 (ag/g. 

• Eighteen metals were identified as chemicals exceeding background (CEBs) in the soils 
sampled from Study Area 16. 

o 

v ^ 

Under the likely fiature land use scenarios (i.e., industrial and constmction), lead was 
identified as a human health COC. 

Under the most conservative land use scenario (i.e., residential), human health COCs 
include TNT, tiiree metals (arsemc, iron, and lead), and five PAHs (benzo[a]anthracene. 
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benzo[a]pyrene, benzo[b]fluoranthene, dibenzo[a,h]anthracene, and indeno[ 1,2,3-
cd]pyrene). 

• Ten metals (aluminum, arsenic, barium, cadmium, copper, lead, mercury, nickel, 
vanadium, and zinc) were identified as ecoCOCs (HQ >1). Aluminum, cadmium, 
copper, lead, and vanadium were identified as ecoCOCs with HQs >10. 

Sediment 

• Onesediment sample was collected from a drainage area north of Study Area 16. Three 
metals were detected at concenfrations that exceeded background. 

• Explosives were not detected in the sediment sample collected north of Study Area 16. 

• Sediment exposures were not evaluated under industrial and constmction fiiture land 
uses. Therefore, no human health COCs were identified for the likely future land use. 

• Under the most cohsei^ative land use (i.e.,' residential), no hunian health COCs were 
identified. 

• No ecoCOCs were identified. 

Surface Water 

• Four metals were detected in a surface water sample at concentrations above 
background. 

• Two explosive compounds, TNT (0.733 |ig/L) and 2,4-DNT (4.5 |ag/L), were detected 
in the surface water sample collected north ofthe Flashing Ground. 

• No SVOCs, VOCs, or explosives were identified as COCs. 

• Surface water exposures were not evaluated under industrial and constmction fiiture 
land uses. Therefore, no human health COCs were identified for the likely fiature land 
use. 

• Under the most conservative land use (i.e., residential), no human health COCs were 
identified. 

• Cobalt, iron, and manganese were identified as ecoCOCs with HQs >10. 

• fron was detected in the surface water sample collected at Study Area 16 at a 
concenfration greater than the ADEM criteria and chronic NAWQC. 
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Recommendations 

• For the protection of human health based on the likely land use scenarios (i.e., industrial 
and constmction), the FS should evaluate actions required for elevated lead 
concenfrations in the surface soil. 

• For the proteci:ion of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated TNT, metals, and 
PAH concentraitions in the soil. 

• For the protection of ecological resources, soil remedial actions should be evaluated in 
theFS. 

• No fiarther actions are required for the area of sediment sampled north of the Flashing 
Ground. 

• No fiarther actions are required for the surface water for the protection of human health. 

• Based on the ecological risk assessment, remedial action altematives for the surface 
water should be evaluated in the FS. 

8.1.12 Study Area 1 7 - Propellant Shipping Area 

Son 

• Good correlation was observed between the field screening data for explosives and 
laboratory confirmatory data collected during the Phase 1 Supplemental RI. These 
results indicated that explosives contamination of the surface soils was limited in areal 
extent and concentrated in localized hot spots. The localized hot spots subsequentiy 
were excavated and treated by onsite incineration. 

Fifteen metals were detected at concentrations that exceed background. 

Under the likely ftiture land uses (i.e., industrial and constmction), manganese was 
identified as a human health COC. 

Under the most conservative land use scenario (i.e., residential), human health COCs 
include arsenic, iron, and manganese. 

Aluminum, arsenic, barium, and manganese were identified as ecoCOCs (HQ>1). 
Aluniinum was identified as an ecoCOC with an HQ >10.. Aluminum is the major 
contributor to ecological risk with an HQ > 100. 

No VOCs or SVOCs were identified as COCs. 
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Recommendation 

• For the protection of human health based on the likely land use scenarios (i.e., industrial 
and constmction), the FS should evaluate actions required for elevated manganese 
concentrations in surface soil. 

• For the protection of human health, based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated metals 
concentrations in surface and subsurface soils. 

• For protection of ecological resources, remedial actions should be evaluated in the FS 
for the presence of ecoCOCs in surface soil. 

8.1.13 Study Area 1 8 - Blending Tower Area 

Son 

• Screening data indicate that low concentrations (<33 |ig/g) of explosives are present in 
isolated areas. One soil sample collected for laboratory confirmatory analysis contained 
2,4-DNT at a low concentration (0.069 |ig/g). 

• Nine metals were detected in the soils at concentrations that exceeded background. 

• No explosives, SVOCs, or VOCs were identified as COCs in either the human health or 
ecological risk assessment. 

• Under the likely fiature land uses (i.e., industrial and constmction), no human health 
COCs were identified. 

• Under the most conservative land use scenario (i.e., residential), human health COCs 
include arsenic, iron, and manganese. 

• Arsenic, chromium, manganese, and vanadium were identified as ecoCOCs (HQ >1). 
Chromium and vanadium were identified as ecoCOCs with HQs >10. 

Recommendations 

• For the protection of human health based on the Hkely land use scenarios (i.e., industrial 
and constmction), no fiirther action is recommended. 

For the protection of human health based on the most conservative land use scenario 
(i.e., residential), tiie FS should evaluate actions required for elevated metals 
concenfrations in the surface and subsurface soils. 

W^ 
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• For the protection of ecological resources, the presence of ecoCOCs in surface soil 
^ ^ should be evaluated in the FS. 

8.1.14 Situdy Area 1 9 - Lead Facility 

Son 

• Screening data from Phase T indicated that there were high (up to 24,000 |ag/g) 
concentrations of lead distributed in the surface soils at this study area. Based on the 
Phase 1 results, lead-contaminated soils were excavated and stabilized using an onsite 
pugmill. 

• Five metals currently are present in the soils at concentrations above background. 

• No explosives, SVOCs, or VOCs were identified as COCs. 

• Under the likely fiiture land uses (i.e., industrial and constmction), no human health 
, COCs were identified. 

• Under the most conservative land use scenario (i.e., residential), arsenic was identified 
as a human health COC. 

V-.^ • No COCs were identified in the ecological risk assessment. 

Recommendation 

• The lead-contaminated soils have been removed from this study area. 

• For the protection of human health based on the likely land use scenarios (i.e., industrial 
and constmction), no ftirtlier action is recommended. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated arsenic 
concentrations in the subsurface soil. 

• For the protection of ecological resources, no fiarther actions are required. 

8.1.15 Study Area 20 - Rifle Powdei-Finishing Area 

Son 

• Field screening data for surface soils indicate that explosives were not present above tiie 
detection limit of 2.5 ng/g. Field screening of subsurface soils detected explosives at a 

1 ( concentration of 13 ng/g. Low concentrations (less than 1.13 |ig/g) of 2,4-DNT were 
confirmed in surface and subsurface soils through confirmatory analysis. 
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• • Fifteen metals were detected at concentrations that exceed background. 

• No explosives, SVOCs, or VOCs were identified as COCs. 

• Under the Hkely ftiture land uses (i.e., industrial and constmction), no human health 
COCs were identified. 

• Under the most conservative land use scenario (i.e., residential), iron was identified as a 
human health COC. 

• Aluminum, arsenic, barium, and chromium were identified as ecoCOCs (HQ >1). 
Aluminum and chromium were identified as ecoCOCs with HQs >10. 

Recommendations 

• For the protection of human health based on the likely land use sceriarios (i.e., industrial 
and constmction), no ftirther action is recommended. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated iron 
concentrations in the subsurface soil. 

• Based on the ecological risk assessment, remedial actions should be evaluated in the FS. 

8.1.16 Study Area 21 - Red Water Ditch 

Sediment 

• Seventeen metals were detected in the sediments at concentrations that exceed 
background. 

• Aluminum, arsenic, barium, lead, mercury, molybdenum, and vanadium concentrations 
are highest in the northem tributary of the Red Water Ditch and may be associated with 
either the tetryl or acid/organic manufacturing areas. The lower portions of this tributary 
have been remediated for explosives. 

• Sediment exposures were not evaluated under industrial and constmction fiiture land 
uses. Therefore, no human healtii COCs were identified for the likely fiiture land use. 

• Under the most conservative land use (i.e., residential), no human health COCs were 
identified. 

• Five metals (arsenic, chromium, copper, lead, and manganese) were identified as 
ecoCOCs (HQ >1). None ofthese metals was identified as an ecoCOC with an HQ >10. 
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• Pyrene and acetone were identified as ecoCOCs with HQs >1. They were not identified 
as ecoCOCs with HQs >10. 

• Screening data mdicated that low concenfrations of explosives are present; only one 
sample of 256 collected samples contained explosives exceeding 100 fag/g. This sample 
was collected in the portion of the fributary that previously had been remediated. 
Laboratory analyses of sediment samples collected in the unremediated portions of the 
ditch confirmed that explosives were not present iri the surface sediments above 
concentrations of 4 jag/g. 

Surface Water 

• Nine metals were detected at concentrations above background in surface water. 

• No explosives or SVOCs were detected in the surface.water sampled at Study Area 21. 

• Surface water exposures were not evaluated under industrial and constmction fiiture 
land uses. Therefore, no human health COCs were identified for the likely fiiture land 
use. 

• Under the most conservative land use (i.e., residential), no human health COCs were 
identified in the surface water. However, arsenic and Aroclor 1254 were identified as 
COCs in fish tissue. 

• Aluminum, bairium, iron, and manganese were identified as ecoCOCs witii HQs >1. 
Aluminum, barium, and manganese were identified as ecoCOCs with HQs > 10. 
Carbon disulfide was identified as an ecoCOC with an HQ >1 but was not identified as 
an ecoCOC with an HQ >10. 

• Surface water collected from Study Area 21 contained iron and lead at concentrations 

that exceeded the ADEM surface water criteria. Exceedances of the chronic NAWQC 
were confirmed in surface water for aluminum, iron, and lead. 

JJ 
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Recommendations 

• 

For the protection of human health based on the likely land use scenarios (i.e., industrial 
and constmction), no fiirther action is recommended. 

For the protection of human health based on the most conservative land use scenario 
(i.e., residential), no fiirther actions are required for the sediment. However, remedial 
action altematives for the surface water should be evaluated in the FS based on COCs 
identified in fish tissue. 

For protection of ecological resources, remedial action altematives for the sediment and 
surface water should be evaluated in the FS. 

8.1.17 Study Area 22 - Demolition LandfiU 

Son 

• Eighteen metals were detected in soils at concentrations that exceed background. 

• 

• 

• 

• 

Lead contamination of the soils extends to depths of 20 feet BLS at this study area. 
Lead concenfrations (up to 15,000 |ig/g) were among the highest detected in subsurface 
soils in Area B. At more shallow locations (1 to 3 feet BLS), a variety of PAHs were 
detected at high concentrations. 

Under the likely fiiture land use scenarios (i.e., industrial and constmction), human 
health COCs include arsenic, lead, and six PAHs (benzo[a]antliracene, benzo[a]pyrene, 
be,nzo[b]fluoranthene, benzo[k]fluoranthene, dibenzo[a,h]anthracene, and indeno[ 1,2,3-
cdjpyrene). 

Under the most conservative land use scenario (i.e., residential), human health COCs 
include five metals (arsenic, hexavalent chromium, iron, lead, and manganese), and 
eight PAHs (benzo [a] anthracene, benzo[a]pyrene, benzo[b] fluoranthene, 
benzo[g,h,i]perylene, benzo[k]fluoranthene, chrysene, dibenzo[a,h]anthracene, and 
indeno[ 1,2,3-cd]pyrene). 

Four metals (lead, mercury, nickel, and zinc) were identified as ecoCOCs (HQ >1). 
Lead and zinc were ecoCOCs with HQs >10. 

Soil contamination at this study area is attributed to burial of constmction debris 
following the burning of buildings within Area B. 
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Recommendation 

• Following comjDletion ofthe Phase 1 Supplemental RI, a recommendation was made to 
cap the landfill. The landfill has been capped; therefore, no further actions are required 
other than periodic maintenance ofthe engineered cap. 

8.1.18 Study Area 25 - Storage Battery/Demolition Debris 

Son 

• Eighteen metals, were detected at concentrations above background at Study Area 25. 

• Under the Hkely fiiture land uses (i.e., industrial and constmction), no human health 
COCs were identified. 

• 

• 

J J 

Under the mos): conservative land use scenario (i.e.,- residential), human health COCs 
include iron and manganese. 

Arsenic, chromium, vanadium, and zinc were identified as ecoCOCs (HQ >1); 
chromium and vanadium were identified as ecoCOCs with HQs >10. 

Recommendations 

• The batteries and debris that'remain at this study area should be removed. 

• For the protection of human health based on the Hkely land use scenarios (i.e., industrial 
and constmction), no fiuther action is recommended. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions requfred for elevated metals 
concentrations in the surface and subsurface soils. 

• For protection of ecological resources, the FS should evaluate actions for ecoCOCs in 
surface soil. ' 

8.1.19 Study Area 26 - Crossover Ditch 

Sediment 

• Twenty-one meitals were detected at concentrations that exceeded background. 

• The highest concenfrations of arsenic in sediments within Area B were detected in the 
southem tributary of the Crossover Ditch that runs east of Study Area 2 and originates 

V / offsite, south of tiie Area B boundary. 
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• No significant concentrations of explosives (maximum of 22.1 |ag/g) were detected.in 
any pf the transects sampled and screened from the Crossover Ditch. This was verified 
through laboratory confirmatory analysis of samples collected at nine locations across 
this study area. 

• Sediment exposures were not evaluated under industrial and constmction ftiture land 
uses. Therefore, no human health COCs were identified for the likely future land use. 

• Under the. most conservative land use (i.e., residential), no human health COCs.were 
identified. 

• Three metals (arsenic, chromium, and manganese) were identified as ecoCOCs with 
HQs >1. No metals were identified as ecoCOCs with HQs >10. Acetone was identified 
as an ecoCOC with an HQ >1. 

• No explosives or SVOCs were identified as COCs at the Crossover Ditch. 

Surface Water 

• Seven metals were detected in surface water at concentriations above background. 

^ 

• 

Surface water exposures were not evaluated under industrial and constmction ftature 
land uses. Therefore, no human health COCs were identified for the likely fiiture land s^^/ 
use. 

Under the most conservative land use (i.e., residential), no human health COCs were 
identified in the surface water. However, mercury was identified as a COC in fish 
tissue. 

Aluminum, barium, iron, and manganese were identified as ecoCOCs (HQ >1) for 
aquatic biota. Barium and manganese were ecoCOCs with HQs >10. 

• No SVOCs, VOCs, or explosives were identified as COCs. 

• fron was detected in the surface water at concentrations that exceeded the ADEM 
surface water criteria. 

Recommendations 

• For the protection of human health based on the Hkely land use scenarios (i.e., industrial 
and constmction), no ftirther action is recommended. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), no further actions are required for the sedunent. However, remedial ^'^^J 
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action altemati\'es for the surface water should be evaluated in the FS based on mercury 
V_y identified as a COC in fish tissue. 

• For protection of ecological resources, remedial action altematives for the sediment and 
surface water should be evaluated in the FS. 

8.1.20 Study Area 27 - Beaver Pond Drainage System 

Sediment 

• Fifteen metals v/ere detected at concenfrations that exceeded background. 

• Sediment exposures were not evaluated under industrial and constmction fiiture land 
uses. Therefore, no human health COCs were identified for the likely ftiture land use. 

• Under the mosi: conservative land use (i.e., residential), no human health COCs were 
identified. 

• Five metals, including arsenic, chromium, lead, manganese, and zinc, were identified as 
ecoCOCs with HQs >1. No ecoCOCs were identified with HQs >10. 

• Explosives scn;ening data showed limited detections of explosives (maximum of 
\ J 41.8 ng/g). Thiese results were verified through laboratory confirmatory analysis of 

sediment samples; target explosives were not detected in any of the sediment samples 
collected. One nontarget explosive (HMX) was detected at a concentration of 
0.215 |ig/g in one sediment sample collected from this study area. 

Surface Water 

• Seven metals were detected in surface water at concentrations that exceeded 
background. 

o Eight explosives were detected in surface water sampled from a location between the 
east and west Beaver Ponds. The explosives included 2,4-DNT, 2,6-DNT, TNT, and 
explosive breakdown products. 

o Surface water exposures were not evaluated under industrial and constmction fiiture 
land uses. Therefore, no human health COCs were identified for the likely future land 
use. 

o Under the most conservative land use (i.e., residential), no human health COCs were 
identified in the surface water. 

V_y 
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• Aluminum, barium, iron, and manganese were identified as ecoCOCs with HQs >1 for 
aquatic biota. Barium and manganese were identified as ecoCOCs with HQs >10. 

• fron and lead were detected in the surface water at concenfrations that exceeded the 
ADEM surface water criteria. 

Recommendations 

• 

For the protection of human health based on the likely land use scenarios (i.e., industrial 
and constmction), no ftirther action is recommended. 

For the protection of human health based on the most conservative land use scenario 
(i.e., residential), no further action is recommended. 

For protection of ecological resources, remedial action altematives for the sediment and 
surface water should be evaluated in the FS.' 

8.1.21 TalladegaCreek 

Sediment 

• Eight metals were detected at concentrations exceeding background. 

• Sediment exposures were not evaluated under industrial and constmction fiature land 
uses. Therefore, no human health COCs were identified forthe likely fiature land use. 

• Under the most conservative land use (i.e., residential), no human health COCs were 
identified in the sediment. 

• Arsenic, lead, and manganese were identified as ecoCOCs with HQs >1. No ecoCOCs 
were identified with HQs >10. 

• Screening results indicate that significant explosives contamination of the Talladega 
Creek sediments is not present; these results were verified through laboratory analyses 
of sediment samples. The maximum concentrations of three CEB metals, two 
explosives, and toluene were detected in the tributary draining Study Areas 16 and 19. 

Surface Water 

• Metals concentrations in surface water samples from Talladega Creek did not exceed 
background. 

• No explosives, VOCs, or pesticides were detected in the surface water. 
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• Surface water exposures were not evaluated under industrial and constmction future 
V-^ land uses. Therefore, no human health COCs were identified for the likely future land 

use. 

• Under the most conservative land use (i.e., residential), no human health COCs were 
identified in the; surface water. 

• No ecoCOCs were identified for the Talladega Creek surface water. 

Recommendations 

• For the protection of human health based on the likely land use scenarios (i.e., industrial 
and constmction), no fiartiier action is recommended. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), no further action is recommended. 

• For protection of ecological resources, no further action is recommended for the surface 
water. 

• The ecological risk assessment results suggest that evaluation of the sediment COCs 
should be conducted in ah FS. However, since the sediments in Talladega Creek are 

^--^ being evaluated as part of a separate groundwater investigation, no ftirther action is 
recommended in this Supplemental RI/FS. 

8.1.22 CoosaRiver 

Sediment 

o Eleven metals were detected at concentrations exceedirig background. 

o Sediment exposures were not evaluated under industrial and constmction fiiture land 
uses. Therefore, no human health COCs were identified for the likely fiature land use. 

o Under the most conservative land use (i.e., residential), no human health COCs were 
identified in the sediment. 

o Mercury was ideritified as an ecoCOC with an HQ >1. Mercury was not identified as an 
ecoCOC witii an HQ >10. 

o Screening results indicate that significant explosives contamination of the Coosa River 
sediments is not present. These results were verified by laboratory analyses of sediment 
samples. 

V ^ 
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Surface Water 

• Three metals (aluminum, arsenic, and iron) were detected at concentrations that 
exceeded background. 

• Explosives were not detected in the surface water samples collected from the Coosa 
River. 

• Surface water exposures were not evaluated under industrial and constmction fiiture 
land uses. Therefore, no human health COCs were identified for the likely ftiture land 
use. 

• Under the most conservative land use (i.e., residential), no humian health COCs were 
identified in the surface water. 

• Aluminum was identified as aii ecoCOC with an HQ .>1. The HQ for aluminum did not 
exceed 10 in the Coosa River samples. 

Recommendation 

• For the protection of human health based on the likely land use scenarios (i.e., industrial 
and constmction), no further action is recommended. 

• For the protection of human health based on the most conservative land use scenario 
(i.e., residential), no further action is recommended. 

• The ecological risk assessment results suggest that evaluation of the sediment and 
surface water COCs should be conducted in an FS. However, since the Coosa River 
surface water and sediment are being evaluated as part of a separate groundwater 
investigation, no fiarther action is recommended in this Supplemental RI/FS. 

8.123 Building 6 - Coke Oven 

Son 

• Seventeen metals were detected at concentrations that exceeded background. 

• Under the likely future land uses (i.e., industrial and constmction), no human health 
COCs were identified. 

• Under the most conservative land use scenario (i.e., residential), human health COCs 
include arsenic, iron, and manganese. 

W^ 
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• Aluminum, ar;>enic, lead, and zinc were identified as ecoCOCs with HQs >1. 
V - / Aluminum was identified as an ecoCOC with an HQ >10. 

» Explosives were nbt detected in screening samples collected from surface soils covering 
the area; subsurface soils contained low concentrations of explosives (<5 |ag/g) when 
screened in the: field. One nontarget explosive compound (HMX) Was detected in a 
confirmatory surface soil sample at a concentration of 0.518 |ag/g. The source of HMX 
in the soils is unknown. Explosives were not identified as human health or ecological 
COCs. 

Recommendations 

» For the protection of human health based on the likely land use scenarios (i.e., industrial 
and constmction), no ftirther action is recommended. 

• For the protection of huraan health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated nietals 
concenfrations :in the surface and subsurface soils. 

• For the proteclion of ecological resources, the presence of ecoCOCs in surface soil 
should be evaluated in the FS. 

JJ 
8.1.24 Downed Utility Poles with Transformers and Transformer Buildings 

So/7 

• Eleven metals were detected in subsurface soils at concentrations that exceed 
background. 

• Under the likely future land uses (i.e., industrial and construction), Aroclors 1248, 1254, 
and 1260 were identified as a human health COCs. 

• Under the most conservative land use scenario (i.e., residential), Aroclors 1248, 1254, 
and 1260 were identified as a human health COCs. 

• Two PCBs (Aroclors 1248 and 1254) were identified as ecoCOCs witii HQs >1. No 
ecoCOCs witii HQs > 10 were identified. 

• Screenmg and confumatory samples fully characterized the extent of contaniination 
from the trans:Former poles. The contaminated area is Hmited to surface soils in the 
vicinity ofthe two downed transformers. Although the ecological HQs are <10, PCBs 
are persistent and bioaccumulate. 

'V_y 
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Recommendation 

• Following completion ofthe Phase 1 Supplemental RI, a recommendation was made to 
remediate the PCB-contaminated soils. Excavation and disposal of the soils was 
conducted and a Closure Report is pending. Therefore, no ftirther actions are required 
pending approval of the Closure Report. 

8.1.25 Underground Storage Tanks and Gas Station 

So/7 

• Fourteen metals were detected at concentrations that exceed background. 

• Under the likely ftiture land uses (i.e., industrial and constmction), no human health 
COCs were identified. 

• Under the most conservative land use scenario (i.e., residential), human health COCs 
include iron and manganese. 

• PAHs were detected at one UST location (SS-US-004) at a depth of 5 feet BLS. None 
ofthe PAHs was identified as a human health COC. 

• An ecological risk assessment was not conducted because all of the soil samples were 
collected from depths of 1 foot BLS or deeper. 

Recommendation 

• For the protection of human health based on the likely land use scenarios (i.e., industrial 
and constmction), no further action is recommended. 

• For the protection of human health based on tiie most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated metals 
concentrations in the subsurface soil. 

• For the protection of ecological resources, no fiirther action is required. 

8.1.26 Building 223B - Fertilizer and Pesticide Storage Building 

Son 

• Eighteen metals, nitrate, and phosphate were detected at concentrations that exceed 
background in soils. 

• Under the likely future land uses (i.e., industrial and constmction), iron was identified as 
a human health COC. 
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• 

• 

Urider the most conservative land use scenario (i.e., residential), iron and manganese 
were identified as human health COCs. 

Six metals (aluminum, arsenic, cadniium, chromium, lead, and zinc) were identified as 
ecoCOCs with HQs >1. Aluminum andchromium were ecoCOCs with HQs >10. 

Pesticides were not detected in surface or subsurface soils around the former storage 
building. Adequate samples were collected in the vicinity of the building to conclude 
that the soils around the building are not currently contaniinated with pesticides. 

Recommendations 

• 

• 

For the protection of hiiman health based on the likely land use scenarios (i.e., industrial 
and constmction), the FS should evaluate actions requfred for elevated iron 
concenfrations in subsurface soil. 

For the protection of human health based on the most conservative land use scenario 
(i.e., residential), the FS should evaluate actions required for elevated metals 
concentrations in surface and subsurface soils. 

For protection of ecological resources, the FS should evaluate actions requfred for 
elevated metal concenfrations in the surface soil. 

8.2 AREA B SUMMARY AND CONCLUSIONS 

The previous section presented the findings of the RI report as they relate to the 
investigation conducted at each study area. The following section is a broader overview of the 
observed condition of the environmental media investigated at Area B. The discussion focuses on 
findings for groundwater, soil, sediment, and surface water. 

8.2.7 Groundwater 

Groundwater underlying ALAAP flows through relict fractures, jomts, voids, and bedding 
in karst Ifrnestone and dolomite residuum and weathered bedrock. Groundwater level records 
indicate that precipitation infilfrates rapidly to the water table across the installation with concurrent 
water level changes observed in both soil and bedrock wells. These results confirm that a well-
developed macropore system of relict joints, fractures, voids, and bedding occurs in the residuum 
and that Area B is a recharge area for the underlying aquifer. Measured aquifer hydraulic 
conductivity beneath the installation ranges across eight orders of magnitude from 7.6 x 10' to 
6.28 X 10"^:nl/sec. 

Groundwater movement occurs predominantly to the northwest toward the Coosa River 
across the industrial portion of Area B. A groundwater divide exists, extending to the northeast 

Final Rl Report 8-29 August 2001 



Conclusions and Recommendations 

from the southeastem comer of Area B. Available site information indicates that groundwater 
discharge is to the Coosa River, although substantial preferential subsurface flow paths are 
dociunented within 10 miles of ALAAP. Localized redirection of groundwater occurs in the 
topographically complex portion of Area B east of the groundwater divide in the viciriity of Study 
Areas 16 and 19 (Flashinjg Ground and Lead Facility). 

The groundwater underlying Area B contains frequently detected organic and inorganic 
constituents (i.e., explosives and metals) that are attributable to previous activities on ALAAP. 
Elevated' concentrations of nitroaromatic constituents, including ••2,4-DNT, 2,6-dinitrotoluene 
(2,6-DNT), and TNT occurs in the southem portion of Area B between Study Areas 17 and 
18 (Propellant Shipping Area and Blending Tower Area) and extending north toward Study Area 6 
(Southem TNT Manufacturing Area). Another area of groundwater contamination occurs in the 
southwestem coriier of Area B and is associated with elevated concentrations of 2,4-DNT and TNT. 
These wells are downgradient from the iformer smokeless powder rrianufacturing area at the 
AlHance Coosa Pines facility (formerly Kfrnberly-Clark Corporatiori). 

Groundwater containing nitroaromatic compounds also is found at isolated well locations in 
Study Areas 7, 8, and 10 (Northerii TNT Manufacturing Area, Acid/Orgaiiic Manufacturing Area, 
and Tetryl Manufacturing Area). Due to preferential flow paths in the karst aquifer, some of these 
areas may reflect downgradient "slugs" of the larger contaminant areas or may be related to other 
localized contaminant sources across the installation. 

Additional nitroaromatic compounds detected in the groundwater at Area B include 
1,3,5-trinitrobenzene (1,3,5-TNB), 1,3-dinitrobenzene (1,3-DNB), nitrobenzene, and isomers of 
nitrotoluene. The nitroaromatic breakdown products 2-A-4,6-DNT and 4-A-2,6-DNT also were 
detected. Nitroaromatic compounds and lead were detected in bedrock Wells. A precise source for 
the explosives is not currently known. 

Trace concentrations of VOCs and SVOCs were detected during groundwater- analyses, 
including 1,1,1-trichloroethane (1,1,1-TCA), trichloroethene (TCE), toluene, phenol, PCP, carbon 
tetrachloride, chloroform, and PAHs. Several concentrations of organic chemicals exceed MCLs, 
including carbon tetrachloride, PCP, B2EHP, and vinyl chloride. 

The spatial distribution of lead concentrations (1.26 to 64,600 |ag/L) in the groimdwater at 
Area B was similar to the observed pattems for the nitroaromatic compounds, suggesting a common 
source area. Lead concentrations in Area B exceed the EPA action level (15 |ag/L at the tap) for 
lead in groundwater. Arsenic concenfrations in Area B groundwater did not correspond with other 
detected orgariic or inorganic compounds and exceeded the EPA MCL of 50 |ag/L at well D-7B. 

In the area east ofthe groundwater divide, the groundwater in the vicinity of Study Areas 16 
and 19 (Flashing Ground and Lead Facility) coritains nifroaromatic compounds (2,4-DNT, TNT, 
and 2,6-DNT),'metals, VOCs (acetone, toluene, 1,1,1-TCA, and xylene), anda variety of SVOCs. 
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•̂  The groundwater beneath the main industrial portion of Area B contahis concentrations of 
K ^ nitroaromatics and metals that would result m risks exceeding EPA targets if the untreated 

groundwater were used for household purposes. Metals (arsenic, beryllium, lead, and nickel) and 
organics (carbon tetrachloride, PCP, B2EHP, and vinyl chloride) were detected at concenfrations 
tiiat exceed the MCLs. lii the human health risk assessment, groundwater exposures were not 
considered to be likely under the industrial or constmction land use scenarios. For this reason, 
groundwater exposures were not evaluated under these land uses. Drinking water for Area B 
currently is supplied by the county water treatment plant, which would likely continue under future 
industrial or constmction land use. However, the baseline human health risk assessment indicates 
that the risks to hypothetical residential users of the groundwater exceed the risk-based liniits 
estabHsheci in the National Oil and Hazardous Substances Pollution Contingency Plan (NCP). 
Table 8-4 presents the COCs identified in groimdwater based on exceedance of human health risk 
targets andl based on exceedance of ARARs. Exposure to groundwater for the ALAAP ecological 
receptors was not considered significant and was not evaluated quantitatively in the ecological risk 
assessmem:. 

Because of the elevated concenfrations of nifroaromatic compounds and lead in the 
groundwater within Area B, additional investigations are underway to determine the extent of 
contaminant migration, the potential for risks to offsite receptors, and the feasibility of groundwater 
remediation. A separate report with recommendations addressing these issues relative to the 
groundwater contamination will be prepared at the conclusion ofthe ongoing investigations. 

W 8.2.2 Soils 

Soil samples were collected at locations where field-screening data indicated the presence of 
explosives or lead. Soil boring locations were used to determine the vertical extent of 
contamination in the subsurface. 

Results from Phase; 1 of the Supplemental RI indicate that 2,4-DNT was tiie predominant 
explosive present in soils at ALAAP. However, since the initial phase (Phase 1) of sampling at 
ALAAP, tin extensive amount of remediation for explosives and lead contamination has been 
conducted by Roy F. Weston and Environmental Chemical Corporation (ECC). Confirmatory 
sampling results from thesie excavations have been combhied v^th the Supplemental RI sampling 
results and used in the risk assessments for ALAAP - Area B. The resulting risk assessments show 
that explosives are not human health COCs for the likely future land uses (i.e., hidustrial and 
constmction) and are not ecoCOCs. Explosives are human health COCs for the most conservative 
land use (i.e., residential) at Study Area 2 (Smokeless Powder Facility), Study Area 7 (Northem 
TNT Manufacturing Area), and Study Area 16 (Flashing Ground). Remediation of explosives-
contaminated soils was sufficient to reduce risks to acceptable levels for human receptors for the 
most Hkel)' fiiture land use and for ecological receptors. Table 8-5 presents the COCs identified in 
soils at A1.AAP - Area B for the most conservative land use and Table 8-6 presents the COCs 
identified in soils for the raost Hkely land use. 
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Table 8-4. COCs in Groundwater 
Alabama Army Ammunition Plant, Childersburg, Alabama 

J J 

Constituent in Groundwater 

Groundwater Data Aggregate 

Area 16 
and 19 

Main 
Industrial 

Area 

Blending/ 
Shipping 

Area 

Smokeless 
Powder 

Area 

Inorganics 
Antimony 
Arsenic 
Beryllium 
Iron 
Lead 
Manganese 
Nickel 
Thallium 

Organics 
2,4,6-Trinitrotoluene 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-amino-4,6-dinitrotoluene 
4-amino-2,6-dinia-otoluene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
bis(2-ethylhexyl)phthalate 
Carbon tefrachloride 
Nifrobenzene 
Pentachlorophenol 
RDX 
Vinyl chloride 

J J 

COCs are the chemicals of concem identified in the human health assessment. 
All COCs for groundwater are for human exposures under an unlikely land use (residential). 
Designators are as follows: 

COC for humans 
COC based on ARAR 
COC for humans and ARAR 

W 
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Table 8-5. COCs in Soil for the Most Conservative Land Use 
Aiabama Army Ammunition Plant, Childersburg, Alabama 

Constituent in Soil 

Study Area 

2 3 4 6 7 8 8A lOE low 16 17 18 19 20 22 25 B6 PO us GS PS 

Inorganics 
Aluminum 
Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Cobalt 
Coppcr 
Iron 

Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Vanadium 
Zinc 

Organics 
2,4,6-Trinitrotoluene 
2,4-Dinitrotoluene 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Benzo(a)andiracene 
Benzo{a)pyrene 
Benzo(b) fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
lndeno( 1,2,3-cd)pyrene 

• d 

. 

^m 

^^1 

^ 

B 
^ ^ H 

• • 

^ UH 
^•1 

= 

III
 

B 
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B 

• • I 
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• • 

• • 1 

^ 

^m 

^ ^ ^ •m 
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Ui 
^B 

Hi 
^m 

LB 
^m 

III
III

II
 • H 

•SS 

COCs are the chemicals of concem identified in the human health and ecological risk assessment. 
The most conservative land use is residential. 
Designators are as follows: 

II COC for humans 
COC for ecological receptors 
COC for both human and ecological receptors 

B6 - Building 6 - Coke Oven 
PO - Transformer Storage Building and Utility Poles 
US - Underground Storage Tanks 

GS - Gas Station 
PS - Fertilizer and Pesticide Storage 

a 

5-

St 

St 

f t 



Table 8-6. COCs in Soil for the Likely Land Use 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Constituent in Soil 

Study Area 

2 3 't 6 7 8 8A ICE low 16 17 18 19 20 22 25 B6 PO US GS PS 

Inorganics 
Aluminum 
Arsenic 
Barium 
Cadmium 
Chromium 
.Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Vanadium 
Zinc 

H H 

• • 1 
^^•1 

^m P B 

Organics 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)f]uoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoran thene 
Dibenzo(a,h)anthracene 
lndeno( 1,2,3-cd)pyrene 

^ 

j g 
^ 

IHH 
• • i 

• • B 

COCs are the chemicals of concem identified in the human health and ecological risk assessment. 
Likely land use is industrial/construction. 
Designators are as follows; 

HCOC for humans 
COC for ecological receptors 
COC for both human and ecological receptors 

B6 - Building 6 - Coke Oven 
PO - Transformer Storage Building and Utility Poles 
US - Underground Storage Tanks 

GS - Gas Station 
PS - Fertilizer and Pesticide Storage 
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The resuhs from the Supplemental RI for also indicate that lead is a human health COC in 
V_y soils for both the most likely fiiture land use (i.e., industrial and constmction) and the raost 

conservative land use (i.e., residential). Lead was identified as a huraan health COC for the raost 
likely land use (i.e., induslrial and constmction) at Smdy Area 4 (Manhattan Project Area), Study 
Area 16 (Flashing Ground), and Study Area 22 (Demolition Landfill)., Lead was identified as a 
human health COC for the most conservative land use (i.e., residential) at Study Area 8 
(Acid/Orgemic Manufacturing Area) and Study Area 10 - West (Tetryl Manufacturing Area), in 
addition to the study areas listed above. A variety of other raetals were identified as COCs in the 
soils throuijhout the ALAAP - Area B study areas and are sumraarized on Tables 8-5 and 8-6. 

Human health risk estiraates for Study Area 16 (Flashing Ground) incorporated results frora 
the Phase 1 Suppleraental RI and excavation data frora Roy F. Weston and EGC. The resulting risk 
assessments show that several areas of soil contamination remain in Study Area 16 where lead was 
identified as a COC for the raost likely fiiture land use. Arsenic, iron, lead, and a variety of PAHs 
and SVOCs were identified at Study Area 16 as COCs for the raost conservative land use. 

A 

( 

Based on the Phase 1 Suppleraental RI and the recommendations presented in the Draft 
Ffrial Feasibility Study (S/JC 1996b), a landfill cap has been placed over the Demolition Landfill 
(Study Area 22) to reduce infiltration and migration of contaminants present in the soils at this study 
area. 

K . J PCBs were detected in the surface soil near transformers located in Study Area 2 
(Smokeless Powder Facility). Screening saraples collected around all transforraers and forraer 
transforraer buildings identified a potential PCB source from two of the transformers. A sufficient 
nuraber of screening saraples were collected to fiilly characterize the vertical and horizontal extent 
of contarnination. Laboratory samples collected from these areas verified the presence of PCBs. 
Excavation and disposal of the PCB contaminated soils has occurred since the Phase 1 
Supplemental RI. 

PAHs were identified as huraan healtii COCs in the soil for the industrial and constmction 
land uses at Study Areas 2 and 22. PAHs are byproducts of combustion and many ofthe stmctures 
in Area B ^vere demolished by buming. As stated above. Study Area 22 (Demolition Landfill) has 
been capped since the collection of soil samples during the Phase 1 Supplemental RI. PAHs were 
also identified as human health COCs in the soil for the residential land use at Study Areas 8 and 16. 

Several metals were ecoCOCs ui surface soil with HQs >1. For example, lead was detected 
in soils at i:oncentrations resulting in HQs exceeding 1 at numerous study areas, including Study 
Areas 2, 3, 4, 6, 7, 8, 10 Ejist, 10 West, 16, and 22; the Coke Oven; and tiie Pesticide and Fertilizer 
Storage Building. Aluminum also was detected in the surface soil at a number of study areas at 
concenfrations that resulted in HQs > 1. These study areas included Study Areas 2, 4, 8,16,17, and 
20; the Coke Oven; and the Pesticide and Fertilizer Storage Building. Study Areas 2, 3, 8, 16, 17, 

1 ) 18, 20, 22, and 25; the Coke Oven; and tiie Pesticide and Fertilizer Storage Building had four or 
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more metal ecoCOCs with HQs >1. A summary ofthe ecoCOCs identified in the soils is presented ~* 
in Tables 8-5 and 8-6. '\J 

8.2.3 Sediments and Surface Water 

Sediment samples were field screened and analyzed for explosives, but only a few saraples 
exceeded the field screening criteria of 30 ^g/g (protective of TNT exposures to a resident). Based 
on these results, confinnatory samples were placed at regular intervals along the ditches to 
determine if other target analytes were present. 

Sedunents sampled from surface water bodies, drainage channels, and ditches within Area B 
contain a variety of chemical constituents, including explosives, metals, VOCs, and SVOCs. Study 
Area 21 (Red Water Ditch) carried process wastewaters frora the manufacturing areas and contained 
the most abundant number of contaniinants (1,3,5-TNB, TNT, 2,4-DNT, 2-A-4,6-DNT, 
4-A-2,6-DNT, and tetryl; 17 metals above background concentrations; and various VOCs and 
SVOCs). Explosives were detected at low concentrations at various locations along the Red Water 
Ditch. The highest concentrations of raetals were detected in the northem tributary to the Red 
Water Ditch, near Study Area 8 (Acid/Organic Manufacturing Area) and at locations below Study 
Area 5 (Red Water Storage Basin). In the human health risk assessment, the only COC identified 
was iron in the Study Area 9 (Aniline Sludge Basin) sediment under a residential land use scenario. 
None of the chemicals was identified as a COC under the fiiture industrial or constmction land use 
scenarios. Eight metals, acetone, and five PAHs were identified as ecoCOCs with HQs >1 in i j 
sediment at one or more study area. Table 8-7 combines the sediment ecoCOCs with the human 
healthCOCs for the most conservative land use and Table 8-8 presents the sediment ecoCOCs for 
the likely future land use. There are no human health COCs in sedunent under the likely fiiture land 
use. 

Surface water bodies located at Area B of ALAAP, including Study Area 9 (Red Water 
Storage Basin), Study Area 21 (Red Water Ditch), Study Area 26 (Crossover Ditch), Study Area 27 
(Beaver POnd Drainage System) and a marshy area north of Study Area 16 (Flashing Ground), 
contain a variety of metals at concentrations above background. Explosives (including 2,4-DNT, 
2,6-DNT, TNT, i-A-4,6-DNT, 4-A-2,6-DNT, nitrobenzene, and isomers of nitrotoluene) were 
detected in the surface water within the Beaver Pond Drainage System. The source of explosives is 
attributed to the nearby TNT Manufacturing Areas. No COCs for human health (metals or 
explosives) were identified in surface water under any land use scenario. However, under the most 
conservative land use scenario (residential), COCs for ingesting fish were identified at two study 
areas: arsenic ahd Aroclor 1254 in fish from Study Area 21 (Red Water Ditch) and raercury in fish 
frora Study Area 26 (Crossover Ditch). Seven metals and carbon disulfide were identified as 
ecoCOCs with HQs >1 in surface water at one or more study areas. Table 8-9 combmes the surface 
water ecoCOCs with the human health COCs (in fish tissue) for the most conservative land use and 
Table 8-10 presents the surface water ecoCOCs for the Ukely future land use. There are no human 
health COCs in surface water or fish tissue under the likely fiiture land use. ^ , 1 

Final RI Report '8-36 August 2001 



c c c 
B' 

Ti n 
o 

Table 8-7. COCs in Sediment for the Most Conservative Land Use 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Constituent in Sediment 

Study Area 

5 9 21 26 27 TA CO 

Inorganics 
Arsenic 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Zinc 

Organics 
Acetone 
Ben7o(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Indeno( 1,2,3-cd)pyrene 
Pyrene 

• 

COCs are the chemicals of concem identified in the human health and ecological risk assessment. 
The most conservative land use is residential. 
TA - Talladega Creek 
CO - Coosa River 
Designators are as follows: nCOC for humans 

COC for ecological receptors 
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Table 8-8. COCs in Sediment for the Likely Land Use 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Constituent in Sediment 

Study Area 

5 9 21 26 27 TA CO 

Inorganics 
Arsenic 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Zinc 

Organics 
Acetone 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Indeno( 1,2,3-cd)pyrene 
Pyrene 

COCs are the chemicals of concem identified in the ecological risk assessment. 
All COCs for sediment are for ecological exposures. 
Likely land use is indusfrial/construction. 
TA - Talladega Creek 
CO - Coosa River 
Shaded cell indicates an ecological COC for sediment. 
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Table 8-9. COCs in Surface Water/Fish Tissue for the Most Conservative Land Use 
Alabania Army Ammunition Plant, Childersburg, Alabama 

Constituent in Surface Water 

Study Area 

9 16 21 26 27 

Inorganics 
Aluminum 
Arsenic 
Barium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 

Organics 
Aroclor 1254 
Carbon disulfide 

• • • 

• • i 

^ 

TA CO 

COCs are the chemicals of concem identified in the human health and ecological risk assessment. 
The most conservative land use is residential. 
TA - Talladega Creek 
CO - Coosa River 
Designators are as follows: 

ĴCOC in fish tissue for humans 
ICOC for ecological receptors 
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Table 8-10. COCs in Surface Water for the Likely Land Use 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Constituent in Surface Water 

Study Area 

9 16 21 26 27 

Inorganics 
Aluminum 
Barium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 

TA CO 

Organics 
Carbon disulfide l l l l l l l 

COCs are the chemicals of concem identified in the ecological risk assessment. 
All COCs for surface water are for ecological exposures. 
Likely land use is indusfrial/construction. 
TA - Talladega Creek 
CO - Coosa River 
Shaded cell indicates an ecological COC for surface water. 
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^ ^ 

8.3 REMEDIAL GOAL OPTIONS 

Remedial goal options (RGOs) are cleanup goals designed to be protective of human health 
and the environment and were calculated for the human health and ecological COCs (ecoCOCs). 
The huraan health RGOs (HHRGOs), ecological RGOs (ecoRGOs), and ARARs are all considered 
in the selection of the final cleanup levels. The final cleanup levels wdll be selected in the 
Feasibihty Study (FS) and remediation at the site will be conducted to meet tiiese levels. 

RGOs for the protection of huraan health were calculated in accordance with EPA Region 
rv guidance,(EPA 1995c) using an equation that is similar to the intake equation (Section 6.2.4.1), 
setting the cancer risk or noncancer HI to the desired target, and solving the equation for the 
concentration term. RCJOS were developed using cancer target risks of 1 x 10"̂ , 1 x 10"̂ , and 1 
X 10 , and using noncancer target HQs of 0.1, 1, and 3. This provides multiple RGOs for a given 
cheraical. This discussion focuses on RGOs corresponding to a target cancer risk of 1 x lO"̂  and a 
target HQ (3f 1. RGOs for protection of ecological receptors are focused on the COCs associated 
with the greatest ecological risk. Based on professional judgment regarding uncertainties in the 
HQs and the resulting significance ofthe findings, ecological RGOs were developed only for COCs 
whose HQs; exceeded 10 ariid those with HQs > 1 that also exceeded ARARs. It is important to note 
that uncertainty is also associated witli the RGOs. Because the RGO calculations are essentially the 
sarae as tiie risk calculations, the same uncertainty in the exposure assessment, the toxicity 
assessment, and the risk chju-acterization is associated with the RGO calculations. 

For a given cheraical, raultiple RGOs were calculated corresponding to different land uses 
and groups of ecological species considered for protection. For huraan health, RGOs are provided 
for both the likely land use scenarios (i.e., industrial and constmction) and the raost conservative 
land use scenario (i.e., residential). Industrial land use is the intended fiiture land use of Area B 
according to the Site Manageraent Plan prepared by the U.S. Array Environmental Center (USAEC) 
for ALAAI' (USAEC 1995b). Because future industrial use ofthe land could require constmction 
of buildings or other structures, the construction scenario was included as one ofthe likely land use 
scenarios. For ecological effects, the RGOs (ecoRGOs) for soil correspond to the lower of the 
RGOs for protection of non-mobile soil dwelling receptors (e.g., plants and earthworms) or mobile 
non-soil dv/elling receptors (e.g., birds and rabbits). The lower ofthe two ecoRGOs is protective of 
both receptor groups. The ecoRGOs for sediment are single concentrations judged to be protective 
of sediment-dwelling biota, and ecoRGOs for surface water are concentrations judged to be 
protective of aquatic biota. The human health and ecoRGOs are listed in Table 8-11. 
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Table 8-11. Human Health and Ecological Remedial Goal Options 
Alabama Army Ammunition Plant, Childersburg, Alabama Ŵ  

Chemical 

Human Receptor 

Industrial/ 
Construction 

Worker" 

Resident 
Ecological Receptor 

Soil Dwellers 
(plants and 

earthworms) 

Non-soil 
Dwellers 

(mammals and 
birds) 

Soil (mg/kg) 
Aluminum 
Antimony 
Arsenic . 
Cadmium 

Chromium 

Copper 
Iron • 

Lead 

Mercury 

Manganese 
Nickel 
Vanadium 

Zinc 
2,4,6-Trinifrotoluene 
2,4-Dinittotoluene 

Aroclor-1248 
Aroclor-1254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Chrysisne 

Dibenzo(a,h)anthracene 

lndeno( 1,2,3-cd)pyrene 
N-Nifrosodiphenylamine 

- . • 

120/53 • 
274/62 

-

773/366" 
-

345,789/59,113 
c 

-

2,225/1,431 
28,595/4,076 

-

-

• 348/89 
356/373 

125/329 
18/8 

125/329. 
165/734 

.17/73 . 
165/734 

165/734 

1,652/7,342 

12,931/13,041 

17/73 
165/734 

20,709/102,528 

.: -

'21 •, 

23 
-

137'' 
-

21,991 

400' 

403 
1,508 

- • 

33 
73 

25 
1.4 

25 

49 

4.9 
49 

'49 

489 

1,772 -

4.9 

49 

6,952 

22,500.. 
-

13 

3' 
84 

320 
-

50' 
0.2 
-

30 
72 

451 
-

21 

-
-
-
-
-

• -

-

• -

- . 

-
-

13,400 
- T 

36 
5 

23 
127 
-

320 ' 
•0.05 

. -

428 
64 

37 
-
4 

-
-
-
-
-

- • 

-
-

-
• -

. ' • -

-

Sediment (mg/kg) 
Aluminum 

Arsenic 
Cadmium 

Chromium 

Copper 

Iron 

Lead 

Mercury 
Molybdenum 

-
-
-
-

-
-

-

-

-

-
-
-
-

-
-

-

-

-

15,900 , , . 
504 

1.2 

81 
34 

83,200 
47 

0.15 
ND 

U^ 

/' 
w 
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Table 8-11. Human Health and Ecological Remedial Goal Options 
Alabama Army Ammunition Plant, Childersburg, Alabama 

Chemical 

Human Receptor 

Industrial/ 
Construction 

Worker' 

Resident 
Ecological Receptor 

Soil Dwellers 
(plants and 

earthworms) 

Non-soil 
Dwellers 

(mammals and 
birds) 

Surface Water (ng/L) 
Alummum 
Barium 
Cobalt 

Coppcr 

Iron 
Lead 

Manganese 
Zinc 

-
-
-

-
-
-
-
-

-
-
-

-
-
-
-
-

87 
70 
62 

11 
1,000 

3 
3,350 
110 

Groundwater (ng/L) 
Antimony 

Arsenic 
Iron 

Lead 

Manganese 
Thallium 

2-Amino-4,6-
Dinifrotoluene 
4-Amino-2,6-
Dinifrotoluene 
Benzo(a)pyrene 
Benzc(b)fluoranthene 

bis(2- Ediylhexyl)phthala te 
2,4-Dinifrotoluene 
2,6-Dinifrotoluene 

Nifrobenzene 
Pentachlorophenol 
RDX 

2,4,6-Trinifrotoluene 
Vinyl chloride 

-
-

-
-
-

-

-

-

-

-

-
-
-

-
-
-
-

-

6.3 
4.5 

4,693 

15" 

375 

1.3 

9.9 

9.9 

0.92 
9.2 

313 
9.9 
9.9 

7.8 
56 
47 

7.8 
3.5 

-
— 

-
-
-

-

-

-

-

-

-
-
-

-
-
-
-

-

Ancilyte is not a COC. 

RGOs are based on a target HI of 1 or cancer risk of 1 x 10"̂ . The RGO presented is the more 
stringent of the carcinogenic and noncarcinogenic RGO, if both were calculated. For soil, 
botli the industrial and construction RGOs are shown because the RGOs for the industrial 
woiker do not apply to COCs in subsurface soil. 
Conservarively assumes that all chromium is in the hexavalent form. 
The residential RGO for lead in soil is the EPA soil screening level (EPA 1994a). 
RGOs for the workers will be presented in the Feasibility Study. 
The residential RGO for lead in groundwater is the EPA action level in drinking water (EPA 
1995c). 
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